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Chapter 1. Introduction 
Over the last decade, conservation has become an im-
portant tool in dealing with the high costs, environmen-
tal impacts, and shortages as so cia ted with the 
consumption of fossil fuels. In order to successfully 
apply this tool, it is necessary to understand how and 
where it should be applied. Energy conservation tech-
niques for residential buildings have the potential to 
save significant amounts of energy and money. Because 
houses have a long life-span, construction techniques 
used today will affect energy use far into the future. 
Therefore, detailed monitoring and analysis is needed 
to determine which conservation methods for residen-
tial buildings are best for a particular climate. 
In 1976, the Small Homes Council-Building Research 
Council of the University of illinois at Urbana-Cham-
paign published a circular about its work on an ap-
proach to the construction of energy-conserving 
residential structures. The basic approach, exemplified 
by the design of the Illinois Lo-Cal House, includes 
maximum insulation, multiple glazing, and passive 
solar orientation. 
In 1979, the Council issued Technical Note 14, Details 
and Engineering Analysis of the Illinois Lo-Cal House. This 
publication detailed the basis for decisions made in the 
development of the Lo-Cal concept. Computer simula-
tions of the concept house were made to determine ther-
Table 1 
Structure Information 
Location 
Exposure 
Constructed 
Occupied 
House Type 
Approx. Dimensions 
Floor Area 
Attic 
Foundation 
Windows 
Window Area 
Window to Floor Area 
% Glazing to South 
Ceiling Insulation (overall U) 
Wall Insulation (overall U) 
North, East, West 
South 
Floor Insulation (U) 
Crawl Space Wall Insulation 
Triple Glazing (U) 
Continuous Vapor Retarder 
Heating System 
Air Conditioning 
Water Heater 
Major Appliances 
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4003 Farmington, Champaign, IL 
Semi-Rural, Southwest edge of city 
1977 
January, 1979 
Ranch on Crawl Space 
34 x 68 feet 10.36 x 20.72 m 
2077 sq. ft. 193 sq. m 
Continuous soffit vent on south, 
Clerestory louvers 
Crawl Space, vented In Summer 
Triple-glazed Casement, Sliding 
Glass Doors 
South 214.5 sq. ft. 
East o 
West o 
North 45.0 sq. ft. 
South Glazing 1 0°/o 
All Glazing 12.5o/o 
82°A, 
19.13 sq. m. 
0 
0 
4.18 sq. m. 
.0218 Btu/sq. ft./hr/ F .124 W/sq. m./ C 
.0329 Btu/sq. ft./hr/ F .188 W/sq. m./ C 
.0798 Btu/sq. ft./hr/ F .453 W/sq. m./ C 
.0519 Btu/sq. ft./hr/ F .295 W /sq. m./ C 
.0998 Btu/sq. ft./hr/ F .567 W/sq. m./ C 
.3082 Btu/sq. ft./hr/ F 1.75 W/sq. m./ C 
Polyethylene on walls, ceiling, and 
crawl space floor 
30 kW (17.06 Btu/min) forced air, 
natural gas-fired 
Electric 
Natural Gas 
Refrigerator/Freezer, Dishwasher, 
Clothes Dryer (natural gas) 
Pagel 
Figure 1. South wall section 
mal loads and energy requirements of the building 
using climatological information from Madison, Wis-
consin, and Indianapolis, Indiana. A Building Loads 
Analysis and Systems Thermodynamics (BLAST) Figure 2. Double-wall section 
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Figure 3. Foundation Plan 
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Figure 4. Floor Plan 
program, developed by the U.S. Army Construction En-
gineering Research Laboratory, was employed to con-
duct the initial performance studies. 
The results of these studies have raised further ques-
tions regarding the predictive accuracy of the computer-
based thermal modeling program used to evaluate the 
structure and the economic feasiblity of the Lo-Cal 
House concept in climates other than in the Midwestern 
United States. Predictive program runs on actual build-
ings, in conjunction with observed performance data, 
will be invaluable in confirming the applicability of 
predictive techniques, such as BLAST, to super-insu-
lated structures. Once the correlation has been estab-
lished, valid economic and thermal performance 
prediction procedures may be used in the evaluation 
and optimization of energy-conserving and alternate-
energy proposals. 
In 1980, with grants from the State of Illinois Depart-
ment of Energy and Natural Resources and the U.S. 
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Department of Energy, the Council began a broad-rang-
ing project to further the development of predictive 
capabilities and to test the energy-conserving design 
and construction measures incorporated in the illinois 
Lo-Cal House. The research plan included: 
• Review the BLAST program regarding its ap-
plicability to light-frame construction. 
• Gather performance data on an actual super-insu-
lated structure. 
• Gather weather data corresponding to the perfor-
mance period. 
• Using BLAST and the collected specific weather 
data, predict the thermal performance of the test 
house. 
• Compare the predicted and actual performance to 
determine the predictive accuracy of the modeling 
program. 
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Figure 6. South Elevation 
• Establish preliminary correction factors, if neces-
sary. 
• Develop performance-cost correlations; energy 
costs, pay-back formulas, rate of return. 
• Employ the performance and economic criteria in 
an economic-performance evaluation of alterna-
tives for the project structure to determine predic-
tive and decision-aiding capabilities of the model-
ing program. 
• Develop procedures to improve light construction 
techniques with regard to thermal and economic 
performance. 
The Illinois Lo-Cal House 
The concept house is based upon the combination of 
two major approaches to energy conservation: 
• Superior thermal characteristics of the envelope 
• Solar orientation 
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Over 80% of the predicted energy savings were credited 
to improvements in the building envelope. The remain-
ing savings were calculated to result from the relocation 
of most of the windows to the south face of the build-
ing. The solar gain through a south-facing window can 
help to compensate for thermal losses through the glaz-
ing. 
Construction Features 
• Heavy insulation, rmrurmztng heat transfer 
through all exterior structural components. 
• Triple glazing. 
• A continuous polyethylene vapor and infiltration 
barrier. 
Passive Solar Design Features 
• Major (long) axis of the house oriented east-west. 
• Roof overhang positioned and sized for solar con-
trol. 
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Figure 8. West Elevation 
• Minimize east and west windows. 
• Restrict north-facing glass to the minimum re-
quired for ventilation and view. Concentrate the 
major glazing areas on the south. 
Program Goals 
• Buildable with standard, readily available build-
ing materials. 
• No special technology or labor skills required. 
• General design and operation conforms to current 
construction practice and building codes. 
• No special requirements imposed upon the oc-
cupants. 
• Low energy requirements for heating and cooling. 
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• Conventional (but smaller) HVAC system. 
• Favorable cost/benefit relationship. 
The Test Residence 
The test house was located at 4003 Farmington Drive, 
Champaign, illinois. The neighborhood is located out-
side and to the extreme southwest of the city proper and 
should not have been influenced appreciably by the 
moderating effect of the city on the climate. There was 
no development to the south and west during the test 
period. The subdivision was relativeley new, with neg-
ligible shading or sheltering from surrounding foliage. 
The houses within the subdivision were far apart and 
should not have substantially affected the test residence 
by moderating the weather. 
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The test residence had three bedrooms (one used as 
the test site office), two baths, a living-dining room, a 
family room-kitchen, and a two-car garage. The garage 
was located on the northwest comer of the structure, 
where it acted as a windbreak for the rest of the struc-
ture. There were about 2,077 sq. ft.(193 sq. meters) of 
living area. 
The most unique feature of the house is the Lo-Cal 
double-wall construction, which was built using 2x4 
studs on 24" centers, with the wall plates spaced 1 1 /2" 
apart and the studs of the two walls staggered with 
respect to each other. The structural headers were incor-
porated into the outside wall. This wall detail permitted 
continuous insulation throughout the wall, thereby 
decreasing heat transfer through the studs and headers. 
The wall cavity allowed room for 8 1 /2" of insulation, 
which provided a nominal average resistance value (R-
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value) of 28.3 (sq. ft.x deg. F.x hr./Btu). The Lo-Cal wall 
was used on the north, east, and west walls. The south 
wall was a conventional2x4 stud wall with 3 1 /2" of in-
sulation. 
A continuous polyethylene vapor retarder was in-
stalled on the walls and ceiling, which had the effect of 
reducing the air infiltration into the house. Triple-pane 
glazing was achieved in two different ways. The 
bedrooms had a double-pane prime window with an 
additional storm window, providing an estimated com-
bined R-value of 3.2. The living room south-facing glass 
had factory-sealed triple-pane glazing with a stated R-
value of 2.5. The floor insulation had a nominal design 
R-value of 20, and the ceiling insulation had a nominal 
design R-value of 40. 
The plans, elevations, and construction details are 
shown in Figures 1 through 8. 
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Chapter 2. Instrumentation 
The general purpose of the instrumentation was to 
monitor the thermal performance of the building en-
velope, the interior comfort conditions, and the energy 
use in response to the exterior climatic conditions. This 
data was used to calculate the Building Thermal 
Response coefficients. The approximate sensor loca-
tions are shown in Figures 9 through 11. These draw-
ings are keyed to Table 2. Appendix A details the 
sensors chosen and the reasons for their selection. Ap-
pendix B lists the types of sensors. 
Data Collection 
The Solar Energy Research Institute has published a 
guideline proposal for relevant information to be 
gathered when evaluating the thermal performance of 
a structure. Publication SERI/RR-63-223 proposes the 
following list: 
• 43,61 
N 
• Relevant weather conditions at the site during the 
analysis period. 
• Indoor comfort conditions during the period. 
• The electrical and/ or fossil fuel input energy for 
auxiliary heating, lighting, and appliances during 
the period. 
• The space heating energy required during the 
period. 
• The space heating provided by the passive solar 
features during the period. 
• The operating energy required by the passive solar 
system during the period. 
The primary quantities measured were: 
• Wind speed and direction. 
• Indoor and outdoor relative humidity. 
• Incident radiation in the plane .to be measured . 
• 22,41 
42,43 
• 40 
Figure 9. Attic Sensor Locations 
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Table 2 
Lo-Cal House Sensors 
Number Description 
0 Wind Direction 
1 North Wall Interior Temperature 
2 North Wall Exterior Temperature 
3 East Wall Interior Temperature 
4 East Wall Exterior Temperature 
5 South Wall Interior Temperature 
6 South Wall Exterior Temperature 
7 West Wall Interior Temperature 
8 West Wall Exterior Temperature 
9 Interior Wall Surface 
Temperature 
10 Living Room Ambient Temperature 
11 Kitchen Ambient Temperature 
12 Entry Ambient Temperature 
13 Bedroom Closet Ambient 
Temperature 
14 Bedroom Closet Ambient 
Temperature 
15 Garage Ambient Temperature 
16 Laundry Room Ambient Temperature 
17 Living Room Mean Radiant 
Temperature 
18 East Supply Air Temperature 
19 East Return Air Temperature 
20 West Return air Temperature 
21 Outdoor Dew Point 
22 Attic Dew Point 
23 Crawl Space Dew Point 
24 Living Space Dew Point 
25 Deep Ground Temperature 
26 Shallow Ground Temperature 
27 Living Room Window Exterior 
Temperature 
28 Crawl Shallow Ground Temperature 
29 Living Room Insolation 
30 Crawl Ambient Temperature 
31 South Wall Interior High 
Temperature 
32 South Wall Exterior Low 
Temperature 
33 Furnace Closet Temperature 
34 South Wall Exterior Low 
Temperature 
• Incident radiation on a horizontal surface. 
• Thermal energy from auxiliary system to heated 
space. 
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Number Description 
35 South Wall Exterior High 
Temperature 
36 Outdoor Dry Bulb Temperature 
37 South Window Interior 
Temperature 
38 South Window Exterior 
Temperature 
39 Furnace Stack Temperature 
40 Attic Floor Ambient Temperature 
41 Attic Roof Ambient Temperature 
42 Attic Middle Ambient Temperature 
43 Attic Upper Ambient Temperature 
44 East Duct North Side Temperature 
45 East Duct South Side Temperature 
46 Living Room Window Interior 
Temperature 
47 Living Room Window Heat Flux 
48 Outdoor Wet Bulb Temperature 
49 Indoor Wet Bulb Temperature 
50 Furnace Gas Flow 
51 Barometric Pressure 
52 Wind Velocity 
53 Horizontal Outdoor Insolation 
54 Vertical Bedroom Insolation 
55 Water Heater Gas Flow 
56 North Wall Heat Flux 
57 East Wall Heat Flux 
58 South Wall Heat Flux 
59 West Wall Heat Flux 
60 Floor Heat Flux 
61 Ceiling Heat Flux 
62 Watt Transducer- Air Conditioning 
63 Watt Transducer - House Power 
64 Furnace Stack Mass Flow 
66 Outdoor Diffuse Insolation 
67 South Window Insolation 
68 Duct Pressure Transducer 
75 Hall Bathroom Fan On-Time 
76 Bedroom Bathroom Fan On-Time 
77 Dryer On-Time 
78 Furnace Fan On-Time 
79 Furnace Burner On-Time 
• Thermal energy from lights and appliances to 
heated space. 
• Outdoor dry-bulb temperature. 
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Figure 1 o. Living Space Sensor Locations 
• Indoor dry-bulb temperature 
Weather Data 
To collect all the relevant weather data, a tower was 
erected on the roof of the structure. Wind speed and 
direction, and horizontal solar insolation were 
monitored from the tower. Outdoor dry-bulb tempera-
ture and relative humidity were measured from within 
a special aspirated housing attached to an arm on the 
weather tower. This housing minimized the effect of 
solar radiation on the temperature sensor and protected 
the humidity sensor from the elements. The barometric 
pressure sensor was located within the test residence. 
AHic Sensors 
The relative humidity, the inside surface temperature of 
the roof, and the ambient temperature gradient of the 
attic (ambient temperature at the floor, middle attic, and 
near the roof) were monitored in the attic. 
Research Report 86-1 
Living Area Sensors 
The living area was the most heavily instrumented 
space. A sensor package was installed in each of the four 
exterior walls. Each package contained a heat flux sen-
sor mounted just outside the interior drywall, a~ e~­
terior sheathing temperature sensor embedded Within 
the sheathing, and an interior drywall temperature ~n­
sor mounted on the exterior side of the drywall. Since 
the surface temperature sensors were mounted within 
the building component, they were damped from such 
transient effects as air velocity fluctuations and the 
presence of people near the sensor. Figure 12 shows the 
relative placement of each of the sensors. 
There were several interior ambient temperature sen-
sors located throughout the house anda mean radiant 
temperature sensor and the interior relative humidity 
sensor in the living room. A pyranometer was mounted 
vertically in a south window to measure transmitted in-
solation. The interior and exterior glass temperatures 
were monitored on the same window. 
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Crawl Space Sensors 
The relative humidity and the ambient temperature 
(two locations) were monitored in the crawl space. 
There were several temperature sensors measuring the 
earth temperature at the 0.051m (2-inch) level and the 
0.61m (24-inch) level below the soil surface. The sensor 
monitoring the heat flux between the crawl space and 
the living area was located just below the plywood sub-
flooring in the middle of the living room. 
Furnace and Power Sensors 
Two watt-transducers were used to monitor electrical 
input; one measured total house electrical consumption 
and the other measured the power used by the house 
cooling system. To record the energy delivered to the 
house by the heating system, the furnace was also ex-
tensively instrumented. Temperature sensors 
measured the flue gas temperature, air temperature as 
it exited the plenum, air temperature at the farthest 
delivery point, and air temperature at the return air 
ducts. Mass flow rates were recorded from the flue gas 
stack and the furnace delivery ducts. The natural gas 
consumption of the furnace was also monitored. 
Data Acquisition System 
The data acquisition system was based on a Hewlett-
Packard HP-3497 A Data Acquisition/Control Unit and 
an HP-85A Desktop Computer. The HP-85A was the 
controller for the HP-3497 A, giving the system a great 
degree of flexibility. All sensors were scanned sequen-
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Figure 12. Wall Sensor Package 
tially at 5-minute intervals, with the data averaged 
every 15 minutes. The averaged data values were stored 
on a cassette tape at the house and transferred to the 
University's mainframe computer on a regular basis. 
Technical specifications of the equipment are given in 
Appendix A. 
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Chapter 3. Energy Gains 
The extensive sensor array permitted the measurement 
of the actual thermal performance of the Lo-Cal com-
ponents. This assessment of performance leads to 
realistic properties for use in an energy balance and 
computer simulation of the house. Most of the analysis 
was performed on data collected during the winter of 
1983. The main energy gains were furnace input, insola-
tion, internal energy sources, and thermal storage. 
Furnace Input 
The natural gas furnace in the house had a capacity of 
84,000 Btu/hr., significantly more than was needed for 
the Lo-Cal design. The specified efficiency of the fur-
nace was 80%. An analysis of the furnace efficiency at 
full load was calculated, using the collected data and 
measurements of mass flow rate through the furnace 
system. The data and methodology used to calculate the 
furnace efficiency are described in detail in Appendix 
c. 
The resulting steady-state furnace efficiency was cal-
culated to be 71.3% plus or minus 2.4%. However, for 
the overall heating system, including duct losses, the 
steady-state efficiency was estimated at 57%. That num-
ber was used for the energy analysis and the BLAST 
program. The start-up efficiency was about 25%. It was 
estimated that the actual heating system efficiency for 
the winter was about 40%. 
Insolation 
The energy gained from solar radiation through the 
south-facing windows was recorded by two vertical 
pyranometers located just inside the windows in the 
bedroom and the living room. There was also a 
pyranometer located on the roof to measure horizontal 
radiation. The accuracy of the pyranometers was check-
ed on a clear day against handbook-calculated values. 
Both the vertical inside bedroom pyranometer and the 
horizontal radiation pyranometer gave radiation values 
very close to calculated handbook values, but the living 
room pyranometer was malfunctioning and was not 
reliable. 
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The bedroom pyranometer read radiation values that 
corresponded to 0.56 transmissivity for the window, 
which is about the ASHRAE-specified transmissivity of 
a triple-pane window. The total solar radiation gain was 
based on these pyranometer values and a south-facing 
glass area of 215.8 square feet. 
Internal Energy Sources 
The two main internal energy gains that were accounted 
for in the energy analysis are the electric energy input 
and the energy given off by the people within the house. 
Energy gains that were neglected include heat given off 
by the insulated hot-water tank, any energy given off by 
the use of the hot water, such as showers, and any ener-
gy gain from the household dog. 
The electric energy input into the house was 
measured by a watt-transducer. The base electrical 
input was 1.0 to 1.4 kBtu/hr. The furnace fan used 1.26 
kBtu/hr when it was on. The electric energy input also 
includes the power used by the computer and other 
monitoring devices. 
The amount of heat generated by a person occupy-
ing the house was assumed to be 0.450 kBtu/hr. This is 
equivalent to heat given off by a person writing while 
seated. The total occupancy was assumed to be two 
people for 14 hours on weekdays and 16 hours on 
weekends. This totalled 92 kBtu per week. 
Thermal Storage 
Thermal storage is usually assumed to be negligible in 
a wood-framed house with no Trombe walls. From 
preliminary BLAST simulations, the thermal capacity of 
the house seemed to be of greater significance than ex-
pected. This may be because the low energy use in-
herent in the Lo-Cal design accentuates the effect of 
thermal storage. Another explanation may reside in the 
BLAST program itself. Most of the Lo-Cal building com-
ponents have conduction transfer lags of a week or less. 
By calculating an energy balance for the house over a 
three-week period, the thermal storage effect was min-
imized. Therefore, in the energy balance analysis, the 
thermal storage factors were neglected. 
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Table 2 
Lo-Cal House Sensors 
Number Description Number Description 
0 Wind Direction 35 South Wall Exterior High 
1 North Wall Interior Temperature Temperature 
2 North Wall Exterior Temperature 36 Outdoor Dry Bulb Temperature 
3 East Wall Interior Temperature 37 South Window Interior 
4 East Wall Exterior Temperature Temperature 
5 South Wall Interior Temperature 38 South Window Exterior 
6 South Wall Exterior Temperature Temperature 
7 West Wall Interior Temperature 39 Furnace Stack Temperature 
8 West Wall Exterior Temperature 40 Attic Floor Ambient Temperature 
9 Interior Wall Surface 41 Attic Roof Ambient Temperature 
Temperature 42 Attic Middle Ambient Temperature 
10 Living Room Ambient Temperature 43 Attic Upper Ambient Temperature 
11 Kitchen Ambient Temperature 44 East Duct North Side Temperature 
12 Entry Ambient Temperature 45 East Duct South Side Temperature 
13 Bedroom Closet Ambient 46 Living Room Window Interior 
Temperature Temperature 
14 Bedroom Closet Ambient 47 Living Room Window Heat Flux 
Temperature 48 Outdoor Wet Bulb Temperature 
15 Garage Ambient Temperature 49 Indoor Wet Bulb Temperature 
16 Laundry Room Ambient Temperature 50 Furnace Gas Flow 
17 Living Room Mean Radiant 51 Barometric Pressure 
Temperature 52 Wind Velocity 
18 East Supply Air Temperature 53 Horizontal Outdoor Insolation 
19 East Return Air Temperature 54 Vertical Bedroom Insolation 
20 West Return air Temperature 55 Water Heater Gas Flow 
21 Outdoor Dew Point 56 North Wall Heat Flux 
22 Attic Dew Point 57 East Wall Heat Flux 
23 Crawl Space Dew Point 58 South Wall Heat Flux 
24 Living Space Dew Point 59 West Wall Heat Flux 
25 Deep Ground Temperature 60 Floor Heat Flux 
26 Shallow Ground Temperature 61 Ceiling Heat Flux 
27 Living Room Window Exterior 62 Watt Transducer- Air Conditioning 
Temperature 63 Watt Transducer - House Power 
28 Crawl Shallow Ground Temperature 64 Furnace Stack Mass Flow 
29 Living Room Insolation 66 Outdoor Diffuse Insolation 
30 Crawl Ambient Temperature 67 South Window Insolation 
31 South Wall Interior High 68 Duct Pressure Transducer 
Temperature 75 Hall Bathroom Fan On-Time 
32 South Wall Exterior Low 76 Bedroom Bathroom Fan On-Time 
Temperature 77 Dryer On-Time 
33 Furnace Closet Temperature 78 Furnace Fan On-Time 
34 South Wall Exterior Low 79 Furnace Burner On-Time 
Temperature 
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Chapter 4. Energy Losses 
An important part of the Lo-Cal concept is to reduce the 
energy loss through the walls. Therefore, an important 
facet of this study was to determine how much energy 
was saved by the Lo-Cal walls with respect to other 
energy losses. The measurement of performance for the 
energy loss components was again based primarily on 
data collected during the winter of 1983. 
The main components of heat loss are losses through 
the building envelope and losses by air infiltration. 
Envelope Losses 
In a standard house, built with 3 1/2 inches of insula-
tion in the walls, the energy loss through the walls is a 
significant part of the overall energy consumption. The 
Lo-Cal wall, built with 81/2 inches of insulation and a 
staggered stud configuration, was designed to effective-
ly reduce this energy loss. Other losses through the en-
velope are also important to the concept. These include 
energy losses through the glazing, the floor, the ceiling, 
the partition between the house and garage, and the los-
ses through the south wall that was built using stand-
ard construction. 
Lo-Cal Walls. A preliminary investigation of heat flow 
through the Lo-Cal walls indicated a correlation be-
tween heat flow and wind speed. In the design stage of 
the Lo-Cal wall, there was some concern that the stag-
gered stud configuration would allow more air move-
ment within and through the wall. This increased air 
flow would, of course, increase the rate of convective 
heat transfer through the wall. 
Further investigation into the effects of wind speed 
on convective heat transfer within the walls showed 
only a mild correlation. The heat flow through the north 
wall seemed to increase most with increasing wind 
5.0 
4.0 
- 3.0 
2.0 
1.0 
"'----....... ___ ....... ____ ....... ___ _,0.0 
10.0 15.0 20.0 25.0 30.0 
DELTA TEMP (F) 
Figure 13. Heat Flux vs. Temperature Difference for north wall 
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speed from the north. Figure 13 shows a negative slope 
for a plot of heat flow vs. the difference between inside 
and outside temperatures. During the same period, a 
positive slope is indicated for heat flow vs. wind speed, 
as shown in Figure 14. However, this isolated data set 
was the only one that strongly supported any effect of 
wind speed on heat flow through the Lo-Cal walls. 
An analysis of the actual Lo-Cal wall resistance 
values was performed for a 6-week period in December, 
1982, through January, 1983, and for a 3-week period in 
March of 1983. Each segment of data was edited to 
eliminate periods when the furnace was running and 
periods during the daylight hours to allow a quasi-
steady-state resistance analysis. The resistances of the 
three Lo-Cal walls were fairly close to what was ex-
pected. The average R-value for the east wall was 36.66, 
the west wall31.36, and the north wall29.97. 
South Wall. The south-facing wall was built using 
standard construction with 3 1 /2-inch insulation to 
allow more solar gain than would be transmitted by the 
Lo-Cal wall. The theory was that the increase in solar 
gain would offset the increased losses at night. The 
average R-value of the south wall calculated from the 
data was 14.14. 
Garage Partition. One of the features of the Lo-Cal 
design is to have the unheated garage on the northwest 
corner to shield the house from northwest winds. This 
should have the effect of cutting down infiltration and 
heat loss due to forced convection. 
The energy losses to the garage from the house are 
through a partition that is of Lo-Cal construction. Due 
to somewhat higher temperatures in the garage during 
cold periods and less wind effect, the energy lost to the 
garage area was relatively small. The energy balance 
3.0 
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L..--~--_,j,--....1..--........ --....... -~1.0 
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Figure 14. Heat Flux vs. Wind Speed for north wall 
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Figure 15. BNL Tracer Gas Sampler (L) and BNL Tracer Gas Source (R) 
calculations verify the comparatively low heat loss 
through the partition. 
Glazing Losses. Passive solar gain played an important 
role in the total energy gain of the house. However, the 
heat losses through the glazed areas were quite sig-
nificant with respect to the total energy loss. The R-
value for the glazing was obtained from the heat flux 
meter and temperature readings. The factory-sealed 
triple glazing had an average R-value of 1.8 and the 
double glazing with a storm window had an R-value of 
2.5. 
Floor and Ceiling Losses. Both the floor and ceiling 
were heavily insulated. The floor was insulated from 
the crawl space with nominal R-20 batt insulation. The 
ceiling was insulated from the attic with nominal R-44 
loose-fill insulation. The R-value of the floor was calcu-
lated to be 56.0 and the ceiling was 23.4. The difference 
Zone Type 
PMCH 
2 PDCB 
3 PDCH 
Table3 
Long-Term Infiltration Results 
Source 
(nllhr) PMCH 
2906 36.1 
2989 5.5 
1578 1.7 
Tracer (pLJL) 
PDCB 
13.1 
27.7 
1.0 
Rate (cubic meters per hour) 
Zone Exflltratlon lnflltratilon 
029 
092 
614 
2 
3 
Zone-Zone 
1-2 
2-1 
1-3 
3-1 
2-3 
3-2 
041 
067 
627 
Interzone Flow (cubic meters per hour) 
17.4 
40.8 
29.7 
18.2 
8.7 
7.3 
Zone 1 = Living Area; Zone 2 =Crawl space; Zone 3 =Attic 
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PDCH 
0.6 
0.2 
2.4 
in the nominal and calculated ceiling R-values was par-
tially due to stack effects and a settling of the loose-fill 
insulation. The considerably higher calculated R-value 
for the floor was due to the low heat flow through the 
floor to the crawl space, which could not be measured 
precisely with the type of heat flux meter used. 
The heat balance calculations indicated that losses to 
the attic were very significant. Ceiling losses were 18.1% 
of the overall losses. This is greater than all the outside 
walls combined. The losses through the floor, assuming 
the nominal R-value of 20 rather than the higher value 
from the heat flux meter, were 13.1% of the total losses. 
Infiltration. In most buildings, infiltration and exfiltra-
tion contribute a large percentage to the total energy 
loss. The effects of infiltration losses can be even more 
dramatic in a superinsulated structure. If large amounts 
of energy are lost to infiltration, the cost-benefit ratio of 
energy-saving features, such as the Lo-Cal walls, is 
decreased. Therefore, the control and accurate measure-
ment of infiltration is essential to any energy conserva-
tion analysis. 
An effort was made during construction to reduce 
the energy lost by infiltration. The exterior walls were 
constructed with a continuous vapor retarder between 
the studs and the gypsum drywall. The effectiveness of 
the vapor retarder and the care taken during construc-
tion were indicated by the results of an early infiltration 
study using a continuous source of sulfur hexaflouride. 
The study showed an average infiltration rate of 0.24 air 
changes per hour (ACH). 
An additional factor observed was the sharp effect of 
the furnace fan on infiltration. An infiltration rate of 
0.56 ACH was measured when the furnace fan was run-
ning. To correct this problem, the furnace ducts in the 
crawl space were sealed with tape and insulated. The 
doors to the furnace closet were weatherstripped and 
an intake duct for combustion air installed to reduce the 
effect of the furnace stack air flow. 
Infiltration Measurements. After the steps were take to 
reduce infiltration, new infiltration measurements were 
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Figure 16. Decay Infiltration Measurements 
needed. Two methods were used to determine the in-
filtration rate. One method measured the infiltration 
over a four-week period and the other calculated in-
filtration over a few hours. The long-term study was 
conducted from March 14 to April11, 1983, with the as-
sistance of Brookhaven National Laboratory (BNL). It 
consisted of using small tracer gas sources and small 
Capillary Absorption Tube Samplers (CATS), as shown 
in Figure 15. 
Three different perfluorocarbon tracer gases were 
used simultaneously during the long-term study 
period. One source of tracer gas (PMCH) was placed in 
the living room, another (PDCB) in the crawl space, and 
a third (PDCH) was used in the attic. A set of two 
samplers was also placed in each area to collect the 
gases. The use of three types of perfluorocarbons and 
six samplers allowed an estimation of air flow in and 
out of each zone during the four-week period. 
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The BNL analysis of the samplers, Table 3, found a 
direct infiltration rate of 0.06 ACH and an exfiltration 
rate of 0.08 ACH for the living area. H the air exchange 
between the crawl space and attic and the living area is 
included, a total of 0.88 cubic meters of air enters and 
leaves the living area per hour. This corresponds to an 
average infiltration rate for the month of 0.18 ACH. This 
is 24% lower than the 0.237 ACH found in the previous 
study, indicating the infiltration reduction steps were 
effective. 
A second method to check the infiltration rate used 
the decay of an initial concentration of sulfur 
hexaflouride over a period of two to four hours. The test 
used a bench tracer gas monitor with a gas 
chromatograph column and an electron-capture detec-
tor. Some difficulty was encountered in stabilizing the 
zero point for the readings. One test did maintain a 
steady zero point for three hours. The test was con-
ducted after purging the monitor with nitrogen carrier 
gas for fourteen hours. The furnace fan was running, 
along with four smaller fans, to provide mixing 
throughout the house during the test period. A descrip-
tion of the equipment and calculations is contained in 
Appendix D. 
The results of the test indicated an infiltration rate of 
0.24 ACH, which is less than half the 0.56 infiltration rate 
determined with the furnace fan running and unsealed 
ducts. The 0.24 ACH infiltration rate was comparable to 
the BNL overall infiltration rate of 0.18. Figure 16 shows 
the decay test data and compares the two infiltration 
rates. Certainly, the data established that the house had 
a very low infiltration rate. For this study, the most con-
servative measured rate of 0.24 ACH was assumed. The 
effects of wind speed, wind direction, and indoor-out-
door temperature difference were not determined. 
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Chapter 5. Component Contribution to Overall Energy Balance 
The instrumentation made it feasible to calculate how 
much energy was gained or lost through each of the 
main components of the house. The relative importance 
of each component can show where additional im-
provements or modifications can be made. Another use 
of the energy balance calculations is to check some of 
the assumed properties of the components. This can be 
useful when applying these component properties to 
other environments or within a computer model. 
Analysis Period 
A three-week period from March 14 to April 3, 1983, 
was chosen for three reasons: Cooler weather was 
needed to make the energy use high enough to mini-
mize instrumentation errors (a warmer than average 
winter made this difficult); all the instrumentation was 
functioning properly during the entire period, with the 
exception of six hours; and the infiltration studies were 
conducted during this period, giving accurate infiltra-
tion data. The three-week time frame was chosen to 
minimize the thermal storage effects previously men-
tioned. 
Procedure 
In order to perform an energy balance calculation on the 
house, each factor or component that adds or subtracts 
energy from the house must be assessed. The three in-
puts (gains) considered in the balance calculations are 
internal gains (electrical use and heat given off by the 
occupants); solar radiation; and furnace input. The 
major heat losses are through the building envelope and 
by infiltration. Also included as a loss was the relative-
ly small amount of energy used by the furnace pilot 
light. 
Most of the energy transferred by the components 
was measured directly by heat flux meters, a watt 
transducer, pyranometers, and a gas meter. Some es-
timates of heat losses through components had to be 
made. These included the use of a heat transfer calcula-
tion based on the assumed R-value of the floor, the 
garage partition, and the north windows. The tempera-
ture differences used in the calculations were averages 
for each hour. All other energy transfer was measured 
directly. A review of the energy balance calculations is 
contained in Appendix E. 
Energy Balance Results 
A summary of the energy balance calculations is given 
in Figure 17. As expected, most of the energy input was 
through the furnace. Solar radiation and internal gains 
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from electricity used were almost equal. Infiltration was 
the greatest loss factor, accounting for 22% of the ener-
gy lost a rate of only 0.24 air changes per hour. Energy 
lost through the south-facing windows, 19.1 %, and 
through the ceiling, 18.1 %, are the next most significant 
factors. The floor and outside walls account for 13.1% 
and 14.7% of the energy lost, respectively. 
Solar radiation through the south windows ac-
counted for 22.8% of the energy gained, which was 
more than the 19.1% of the energy lost, indicating that 
the south windows did provide a net heat gain, but only 
3.7% of the total energy transfer. The amount of energy 
savings due to the increased daylighting of the rooms 
usually occupied in the daytime hours could not be cal-
culated. 
The heat transfer through the south wall, excluding 
the glass areas, amounted to 43% of the total losses 
through all the outside walls. This heat transfer loss in-
cluded the effect of the solar radiation on the wall. The 
Lo-Cal walls on the other three sides did not have the 
benefit of the same amount of solar gain, yet the heat 
loss through the Lo-Cal walls was only 0.53kBtu/sq. ft., 
as compared to 0.84kBtu/sq. ft. for the south wall. This 
indicates that the increase in solar gain through the thin-
ner south wall did not offset the increased losses. The 
south wall should have been constructed as a Lo-Cal 
wall also. 
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Figure 17. Summary of Energy balance 
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The energy balance calculations indicated other 
desirable improvements as well. These included in-
creased ceiling insulation, reduced area of north-facing 
windows, and a more efficient heating system. If the 
total efficiency of the heating system had been 80% in-
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stead of the 57% measured, there would have been a 
direct savings of 28.8% in gas used during the three-
week period. The type and design of the furnace and 
duct system is an important factor, especially with 
super-insulated designs. 
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Chapter 6. Simulating the Lo-Cal House Using BLAST 
There are many reasons for developing a computer 
model of the Lo-Cal House. One potential use for the 
model is to monitor the results of changes in the en-
vironment. The ability to mathematically change the 
location and/ or weather will allow us to determine the 
geographic areas in which the Lo-Cal principles are 
valid and cost-effective. Another purpose is to monitor 
changes in the model itself. This will allow evaluation 
of how the design itself can be economically improved. 
Both are powerful arguments for the development of 
the computer model, but the usefulness of the results 
depends upon having an accurate model. 
An ideal model would give the same results to a 
given set of input conditions as the actual house. The 
discussion which follows outlines the steps which were 
taken to develop an accurate model. The data collected 
from the house were used to validate the model. The 
final version was not ideal, but much more accurate 
than the initial model. 
The BLAST Program 
A computer program which considers the interaction of 
the environmental conditions with the thermal charac-
teristics of the structure is essential. The BLAST (Build-
ing Loads Analysis and System Thermodynamics) 
program is capable of calculating these relationships. 
BLAST was developed for the U. S. Army Corps of En-
gineers by the Construction Engineering Research 
Laboratory. It is an extensive set of sub-programs that 
uses very detailed algorithms to predict building ener-
gy consumption. BLAST calculates a comprehensive 
heat balance for each hour of the simulation period. This 
heat balance includes a convective, conductive, and 
radiative heat balance for each surface of each zone 
described, plus a heat balance on the air in the zone. The 
balance calculations include solar loads, internal heat 
gains, infiltration loads, and the temperature control 
strategy used to maintain the zone temperature. 
The BLAST program has been proven to be an ac-
curate energy use program, but like any computer 
program, the accuracy of the result depends greatly 
upon the accuracy of the input. BLAST requires two 
main types of information--a description of the build-
ing and information about the environment surround-
ing the building. 
Lo-Cal Input 
The main method of modifying a very large program 
such as BLAST is through manipulation of the input. 
Although some attempts were made to explain results 
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by examining the computer code, most of the effort in 
this study was directed to refining the input to produce 
results which matched the observed data as well as pos-
sible. 
The input to BLAST for describing a building is 
div~ded into several sections. Appendix F contains a 
complete listing of the Lo-Cal house input. The first sec-
tion defines the various properties of the materials, 
walls, windows, and other structural features. Most of 
the stated properties have been calculated from the data 
collected. The thermal resistance values for the walls, 
windows, and ceiling were extracted from the heat flow 
and temperature measurements. Some of the properties 
used were based on values given in the ASHRAE Hand-
book of Fundamentals. 
The second section of the input described the 
temperature control strategy for the conditioned zones 
of the house. This control strategy was based on the am-
bient temperatures of the house. A night time setback to 
60'F was a part of the simulation. The controls were 
modified during the model development process to 
simulate the partial furnace input that brought the am-
bient temperature up to only 64'F during the first hour 
after the setback thermostat called for the daytime 
temperature. 
The third section of the input was a description of the 
construction, orientation, and usage of the Lo-Cal 
house. The house was divided into five zones. The 
living area and the bedroom area were the only condi-
tioned zones. The crawl space, attic, and garage zones 
were uncontrolled. However, these three zones con-
tributed to the energy analysis through their interaction 
with the two controlled zones and the outside environ-
ment. 
The main ways in which the zones interacted were 
through the interzone walls and through direct air 
mixing. The amount of interzone air mixing, along with 
the zone infiltration, was based on the BNL study 
results. Other inputs, such as the lighting schedule, 
electric equipment use, and internal mass were chosen 
to closely match the actual conditions. Every effort was 
made, within the limitations of the instrumentation, to 
match the model to the properties of the house. 
Weather Data Input 
The fourth section of input to the BLAST program was 
the weather data. The actual data collected at the site 
was used to create weather tapes. A Test Reference Year 
(TRY) format was used. A separate program, the 
Weather Information File Encoder (WIFE) was used to 
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convert the 1RY format to the format used by BLAST. 
The TRY weather format included basic weather 
components such as dry bulb and wet bulb tempera-
tures, wind speed and direction, barometric pressure, 
and total solar radiation for each hour. While the TRY 
format permitted cloud cover information, that infor-
mation was not collected or needed since total solar 
radiation data were already available. 
Two cold-weather periods, one of four weeks and the 
other of three weeks, were extracted from the data and 
used in the modeling process to compare the predicted 
energy use against the actual amount of energy used. 
These short periods were selected because the winter 
was generally rather warm, and there were minimal 
malfunctions in the recording equipment during these 
periods. 
Weather tapes were also used in the final economic 
analysis of the Lo-Cal house. The TRY tapes for various 
locations were generated from tapes received from the 
National Climatic Center of the National Oceanic and 
Atmospheric Agency (NOAA). 
Model Development 
The three-week period from March 14 to April3, 1983, 
was used extensively in comparing the BLAST results 
to the actual performance of the house. The initial test 
runs indicated some sharp discrepancies between the 
model and the actual performance. 
The greatest difference was in the predictions of am-
bient temperatures in the living and bedroom zones. 
The predicted temperature reached 104'F when the ac-
tual temperature reached only 7 4 'F. The possible sour-
ces for the disparity included lack of internal mass, high 
solar input, low infiltration, or a combination of these. 
The possible sources of error were bad weather data, in-
correct building input, or an error in the BLAST code. 
Each of these possible sources was investigated and 
tested. 
Internal mass was added to the building input to ac-
count for any mass not related to the walls or partitions. 
Although the addition of internal mass did help bring 
the predicted temperatures down a few degrees during 
the day, the deviation was still great. 
The weather data input was then checked and it ap-
peared to be correct, with reasonable solar radiation 
values, except that the normal beam value that was used 
was too high at sunrise and sunset. This was traced to a 
calculation in the WIFE program amplifying the dif-
ferences between the measured total solar radiation and 
the calculated diffuse radiation. However, after study-
ing a solar gains report from BLAST, it was evident that 
solar gains at sunrise and sunset were not significant. 
The BLAST program calculations for infiltration los-
ses and solar gains in the zones were checked using spe-
cial output reports. The infiltration report gave losses 
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from the living area that corresponded to the given 
input of 0.24 ACH, with adjustments for wind and 
temperature effects. The infiltration losses were then as-
sumed to be correct. 
The total solar input values in the report were 
reasonable in view of the transmissivity of the windows, 
but the solar input in the mathematical model was con-
sidered to be evenly distributed in the zone. Distribu-
tion clearly was not uniform in the actual living zone. 
The Lo-Cal house had metal venetian blinds over the 
living room south glazing. During the day, these blinds 
were turned horizontal, but they greatly reduced the 
transmission of solar radiation into the room. The 
BLAST input was changed to include the blinds by 
using a shading coefficient of 0.5. 
The BLAST input was also changed to allow more 
complete solar distribution in each zone. The default in 
BLAST assumes the sunlight transmitted through the 
windows strikes only the floor, where it is absorbed ac-
cording to the absorptance coefficient of the flooring 
material. It is possible to allow the program to calculate 
the amount of beam radiation falling on each surface in 
the zone by projecting the sun's rays through the win-
dows. This was done and the absorptance of radiation 
on the walls was more realistically modeled. 
With these major changes to the input, and some 
other minor changes, the temperatures predicted by 
BLAST were much closer to the observed temperatures. 
The peak temperature predicted by the modified 
BLAST input for the three-week period was 80.8'F. The 
measured peak temperature was 74'F. The 6.9'F dif-
ference was much less than the 30'F difference first cal-
culated. The errors that still existed in predicting the 
zone temperatures were considered reasonable. 
Previous studies indicated that not only the BLAST 
program, but other energy analysis programs, such as 
DOE 2.1A, tend to predict larger daily temperature 
swings than actually occur. 
The Final Model 
The ultimate test of the model was in predicting the total 
energy used by the Lo-Cal house over a given period of 
time. Two periods were used--the one described above 
and the four-week period from December 16, 1982, to 
January 13, 1983. Calculations were made using the 
weather tapes from these two periods and the modified 
input described above. 
For the three-week period in March, the model over-
predicted the gas energy input by 4.3%. The prediction 
for the December-January period was 8.2% too low. 
These small errors indicate that the computer model 
could be trusted to predict energy use during other 
periods and under different conditions. This helps to 
ensure the usefulness of the model in determining how 
the Lo-Cal house design can be improved. 
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Chapter 7. Thermal Analysis of House Components 
Several house components that affect the energy con-
sumption were analyzed using the computer model 
developed. The properties of the components were al-
tered to simulate situations which represented both in-
creases and decreases in energy use. The results of the 
simulations indicated which conservation measures 
were most important in the energy use of the building, 
how much energy was saved by each feature, and how 
much energy could be saved with improved conserva-
tion methods. 
Analysis Procedure 
The changes made to components for the thermal 
analysis had to be performed cautiously. Linlitations 
were placed on the component manipulations to 
guarantee sufficient accuracy in the results. The thermal 
analysis was performed using weather data from the 
months of October through March. It was important to 
correlate the manipulations of the model with the actual 
experimental results. Because the accuracy of the model 
could not be validated with warm-weather experimen-
tal data, and because summer conditions were not the 
focus of the research, the weather conditions used in 
modeling the energy use of the Lo-Cal house were those 
for which experimental data were also available. It was 
also decided that the assumed location of the Lo-Cal 
house would not be changed for the component 
analysis. This permitted the thermal analyses of the 
components in approximately the same environment in 
which the full-scale components were evaluated. 
Three methods were used to manipulate the com-
ponents. First, the components (walls, ceiling, win-
dows) were altered separately in BLAST runs to 
simulate standard construction. The difference in 
predicted energy use by the standard component as 
compared to the Lo-Cal component was the energy 
saved by the use of the original, more-efficient com-
ponent. 
The second method altered the components to simu-
late possible further improvements. The difference in 
predicted energy use from these runs as compared to 
the base usage indicated how much energy could have 
been saved if the component were redesigned for even 
greater energy efficiency. 
The third set of simulations checked the effect of to-
tally eliminating certain energy transfer components. 
These calculations determined the energy-saving 
limitations for the components and acted as a check on 
the energy balance calculations done previously. The 
component contribution determined by this method 
Page20 
was not exact, since any change to one component af-
fected the ambient air temperature and, therefore, heat 
transfer through other components. 
Lo-Cal Design Energy Savings 
The properties of each component were changed to 
simulate the use of standard construction details. The 
energy used with each separate change was compared 
with the energy used by the original Lo-Cal model. The 
values for the properties of the standard construction 
were taken from the ASH RAE Handbook of Fundamentals, 
1981 Edition. 
The specifications used for the various components 
were: 
• Single-pane windows 
• Double-pane windows 
• Standard 2x4 walls with 3 1 /2" of insulation 
• Air infiltration rate of 0.50 ACH 
• 50% less ceiling insulation 
• No ceiling insulation 
• 33% of the south glass area moved to the north side 
• No floor insulation 
• A combination of standard components 
Each modeling run was performed using the weather 
data for the 6-month period from October through 
March in Champaign, IL. Each change to standard com-
ponents was done separately, then one run was made 
with changes in several components. The combined run 
included double-pane windows, standard 2x4walls, 
0.50 ACH infiltration, and no floor insulation. This cal-
culation simulated the energy use of the "standard" 
house. 
Table 4 is a summary of the heating energy needed 
by the house after substituting each standardized com-
ponent. The energy values do not include a furnace ef-
ficiency factor since the percent increase in energy use 
would be the same for any efficiency. It should be noted 
that the percent values for the components are calcu-
lated differently than in the energy balance calculations. 
These calculations are based on the percentage of heat-
ing or furnace energy and, in the energy balance, they 
are a percentage of the total gains, including solar and 
internal gains as well as the furnace. The original Lo-<:al 
house used 34.36 mBtu for the six-month period, which 
had 5893 heating degree-days. The percent increase in 
energy used as the result of substituting a standard 
component was based on this value. 
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Table 4 
Lo-Cal Design Energy Savings 
Energy 
Condition Needed (mBtu) 
Percent 
Increase* 
Base case 
Single-pane Windows 
Double-pane Windows 
Standard Walls 
Infiltration doubled (0.5 ACH) 
No Ceiling Insulation 
50o/o less Ceiling Insulation 
33o/o Less South Glass Area, 
Added to North Glass Area 
No Floor Insulation 
Combined case {Double-pane Windows, 
Standard Walls, Infiltration Doubled, 
No Floor Insulation 
* Percent Increase = (Energy Needed/34.36) - 1.0 
One of the greatest increases in energy use occurred 
when the air infiltration component was doubled to 0.50 
ACH. This increased the energy use by 50.6%, which in-
dicated that infiltration provided a larger contribution 
to the energy losses in the computer model than was cal-
culated in the house energy balance. Substituting 
double-pane windows for the triple-pane windows 
only increased the calculated energy use by 8.9%. 
However, the use of single-pane windows increased it 
by41.6%. 
Removal of the floor insulation caused the next 
largest increase-23.7%. Reducing the insulation in the 
ceiling by 50% produced a 19.2% increase in total ener-
gy use. When the ceiling insulation was eliminated en-
tirely, the increase was 203.3%! This run was not 
considered "standard", but illustrated the importance 
of ceiling insulation. 
Substituting standard 2x4 stud walls with 3 1 /2" of 
insulation for the three Lo-Cal walls only increased the 
energy use by 13.7%. This was expected since the ener-
gy losses through the walls were a relatively small por-
tion of the house energy balance. Moving 33% of the 
south-facing glass to the north wall increased the ener-
gy use by 5.2%. 
The combined model included the use of double-
pane windows, 2x4 walls, no floor insulation, and an in-
filtration rate of 0.50 ACH. The increase in energy use 
for this "standard" house was 95.5%. Stated another 
way, the Lo-Cal house used about half the heating ener-
gy of the "standard" house. 
The results of these calculations were used to 
evaluate the economics of the various design features, 
as presented in Chapter 8. 
Research Report 86-1 
34.36 
48.65 
37.41 
39.06 
51.75 
104.19 
40.95 
36.15 
42.52 
67.17 
Additional Conservation Measures 
41.6 
8.9 
13.7 
50.6 
203.3 
19.2 
5.2 
23.7 
95.5 
Using the Lo-Cal computer model, several possible 
design improvements were investigated. The proper-
ties of the revised components were calculated using 
data from the 1981 ASHRAE Handbook of Fundamentals. 
The design modifications that were studied included: 
• Single-pane windows with night insulation 
• Double-pane windows with night insulation 
• Triple-pane windows with night insulation 
• Using Lo-Cal construction on the south wall 
• Increasing the wall insulation to R-50 
• Increasing the ceiling insulation to R-40 
• Using a furnace that was 10% more efficient 
• Increasing the south window area by 10% 
• A combination of several of these measures 
The same location and weather period were used--5893 
degree-days at Champaign, IL., with the Lo-Cal design 
final heating energy need of 34.36 mBtu. Table 5 shows 
the calculated energy used with each conservation 
measure and the percent of energy savings over the Lo-
Cal design. 
The addition of night insulation (R=S.O, applied at 
sundown and removed at sunrise) to the triple-pane 
windows showed a savings of 13.8% over the Lo-Cal 
design. When night insulation was used in conjunction 
with double-pane glazing, there was still a savings of 
9.3% over triple-pane without the night insulation. 
Single-pane glazing plus night insulation used 9.8% 
more energy than the uninsulated triple-pane windows. 
The insulation at night plus the greater solar gain of the 
single glass was not enough to offset the greater heat 
loss through the glass during the day. 
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Table 5 
Increased Energy Savings 
Energy Percent 
Saved Condition 
Base Case 
Single-pane with Night Insulation 
Double-pane with Night Insulation 
Triple-pane with Night Insulation 
Lo-Cal South Wall 
Super-Insulation in Walls (R-50) 
Furnace Efficiency Increased 1 Oo/o 
Ceiling Insulation Increased to R-40 
1 0°/o More South Window Area 
Combined Measures (Triple-pane w/ 
Night Insulation, Lo-Cal South Wall, 
Increased Ceiling Insulation) 
One of the features of the house being studied was 
the use of a standard 2x4 stud wall on the south rather 
than the staggered-stud, Lo-Cal wall used on the other 
three sides. This modification was made on the basis 
that it was easier to install the windows in a standard 
wall, and that the solar insolation on the wall would 
partially offset the greater heat loss through the wall. 
According to the computer model, replacing the stand-
ard stud wall on the south with a Lo-Cal wall would 
result in an energy savings of 5.9%. This is consistent 
with the predictions from the energy balance calcula-
tions. Increasing the thermal resistance of all the walls 
toR-50 (14"-thick wall) produced a saving of 12.3%. This 
confirms that the relatively small contribution of the 
walls to the total energy loss minimizes the effects of 
further improvement. 
A separate calculation was made assuming the fur-
nace to have a 10% greater efficiency. An original fur-
nace system efficiency of 57% was assumed. Using the 
base case heating energy and a 67% furnace system ef-
ficiency, the energy saving was 14.9%, the largest saving 
of any modification made. 
Needed (mBtu) 
34.36 
37.73 
31.16 
29.62 
32.35 
30.14 
29.23 
31.20 
34.19 
26.37 
-9.8 
9.3 
13.8 
5.9 
12.3 
14.9 
9.2 
0.5 
23.3 
The original ceiling had a design R-value of 40. The 
component analysis found it to actually be about half 
that-R-23.5. If the ceiling insulation had been in-
creased to an actual R-40, the simulation indicated a 
savings of 9.2%. 
Increasing the area of the south windows by 10% 
only indicated a saving of 0.5%. This is less than the 
precision of the program, so it was not possible to 
decide whether increasing the glass area increased or 
decreased the energy use of the house. It appears that 
the original window area may be close to the optimal 
amount for heating. Since the south-facing glass was 
10% of the total floor area, this would be consistent with 
previous studies which indicated that the optimum 
amount of south glass would be between 8 and 12% of 
the total floor area or 3Q-40% of the south wall area for 
structures located in the Midwest. (See SHC-BRC 
Research Report 82-3, Computer Studies of Passive Solar 
Design.) 
A combined calculation was made to evaluate the ef-
fect of simultaneous conservation measures. Three 
modifications were made-night insulation with triple-
Table 6 
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Component Elimination Runs 
Condition 
Lo-Cal Design 
No Ceiling Heat Loss 
No Infiltration Losses 
No Solar Gain from South Glass 
No Wall Heat Loss 
No Window Heat Loss 
No Floor Heat Loss 
No Internal Heat Gain 
Energy 
Needed (mBtu) 
34.36 
26.32 
17.07 
37.47 
27.56 
26.25 
30.27 
42.33 
Percent 
Saved 
-23.4 
-50.3 
+ 9.1 
-19.8 
-23.6 
- 11.9 
+ 23.0 
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Table 7 
Component Elimination Runs 
Energy (m Btu) 
Condition 
Furnace Gain 
Celli ng Heat Loss 
Infiltration Losses 
Solar Gain, South Windows 
Wall Heat Loss 
Window Heat Loss 
Floor Heat Loss 
Internal Heat Gain 
Totals 
pane windows, a Lo-Cal south wall, and a ceiling R-
value of 40. The separate energy savings of these 
measures totalled 28.8%, but when they were combined, 
they saved only 23.3%. 
Component Contribution Analysis 
The final use of the computer simulation was to estimate 
the contribution of each component to the energy use of 
the house. The values obtained were checked against 
those calculated in the energy balance. The estimated 
contribution of each component was based on the dif-
ference in energy consumed between the original house 
simulation and the simulation when the component 
was eliminated. Calculations were made eliminating: 
• South solar gains 
• South window heat loss and gain 
• North window heat loss and gain 
• Window heat loss 
• Ceiling heat loss 
• Wall heat loss 
• Floor heat loss 
• Infiltration losses 
• Internal load gains 
Elimination of losses through envelope components 
were simulated by setting their resistance values to a 
large number, such as 1000. This reduced the heat trans-
fer to insignificance while keeping intact any effects of 
capacitance. The elimination of a component with this 
method will change the ambient temperature within the 
house, and, therefore, heat transfer across other com-
ponents. Accordingly, it should be noted that this is 
only a rough estimate of the energy use contribution of 
the components. 
Table 6 summarizes the percent contribution from 
each component, based on the total energy use of 34.36 
mBtu. Table 7 shows the difference between the base 
case energy and the energy use predicted without the 
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Gain Loss 
34.36 
3.11 
7.97 
45.44 
8.04 
12.29 
6.80 
8.11 
4.09 
44.13 
component. Both the energy gains and losses are 
totalled. The totals for the gains and losses are almost 
equal, indicating that although the model differs from 
the energy balance calculations, it is internally consis-
tent. Thus, the elimination method does allow the rela-
tive importance of each component in the model to be 
assessed. 
For most of the components, the relative contribution 
of the energy use in the computer model is consistent 
with the values found in the energy balance calcula-
tions. Two exceptions are the loss contribution due to 
infiltration and the energy gain from solar input. The 
model overpredicts the effects of eliminating infiltration 
and underpredicts the effect of setting the glass trans-
missivity equal to zero, which eliminates solar gain 
through the glass. 
The elimination of infiltration provided the largest 
increase in maximum temperature (4 r) from the base 
model maximum temperature. The increased air 
temperature caused a decrease in energy use not direct-
ly linked to the elimination of the infiltration. 
The elimination of the solar gains produced a more 
dramatic (6.5 r) decrease in the maximum temperature 
for the 6-month period. This indicates the strong effect 
of solar gain on ambient temperature during the day. 
The reason the solar effect is underpredicted is because 
of an unrealistically rapid fall of the house temperature 
at night that was discussed previously. Also, the energy 
balance was calculated using somewhat milder weather 
than that included in the 6-month simulation period, 
which means that with larger losses, the benefits of the 
solar gain become relatively less. 
The elimination analysis indicates that the computer 
simulation can be trusted to predict most energy uses 
with reasonable accuracy. Therefore, these figures will 
be used in the economic analysis of the various com-
ponent strategies which follows. 
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Chapter 8. Economic Analysis 
In Chapter 7, the benefits of energy savings from con-
servation measures for various components were calcu-
lated. To determine if each conservation measure was 
economically beneficial, the costs involved had to bees-
timated. These costs include energy, increased labor, 
and additional materials. Once these costs had been 
determined, the fuel savings and increased construction 
costs of each conservation measure could be compared 
directly. In this chapter, the steps in creating a cost-
benefit analysis are summarized. From this cost-benefit 
analysis, the simple payback period, or number of years 
necessary to begin saving money from the conservation 
measure, was calculated. 
Fuel Costs 
To convert the fuel savings into monetary values, a gas 
fuel price must be selected. The gas price extracted from 
the fuel bills for the test period, the winter of 1982, 
ranged from $0.54 to $0.64/ therm. The average value 
for the period, $0.60 I therm or $6.00 /MBtu, was 
selected for use in the cost-benefit analysis. Tables 8 and 
9 show the energy savings and corresponding 
monetary savings for each conservation measure. The 
calculated gas energy consumed by the house during 
the test period was based on the 57% furnace efficiency 
already calculated and on the thermal performance 
analysis in Chapter 7. 
Construction Costs 
The additional construction costs for each conservation 
measure were not as easily calculated as the fuel costs. 
Both extra material and labor costs have to be con-
sidered to be realistic. Some costing information per-
taining to the extra costs of the Lo-Cal house over a 
standard house was collected when the house was built 
in 1978. Additional information on material costs, such 
as insulation and glazing options, was collected from 
local vendors. All of these costs were compared with 
and supplemented by costs listed in a Solar Energy 
Research Institute (SERI) publication entitled Residen-
tial Retrofit Specification/Cost Data Base. The SERI report 
was based on a study of costs for conservation measures 
by ~he R. S. Means Company, Inc. The report was 
published in November, 1982, so the costs apply direct-
ly to the test period. The publication lists cost data for 
60 conservation measures in 56 cities throughout the 
United States. The costs for Springfield, illinois, only 85 
miles from the house location, served as the basis for 
comparison. 
Each conservation measure had both a material cost 
per unit and a combined labor-material unit price. Cer-
tain variations between the various sources of cost in-
formation had to be resolved. The SERI cost data were 
used wherever possible, but because they pertained to 
retrofits rather than costs during initial construction, 
they applied only to completely independent measures, 
such as floor insulation. The SERI report was also used 
to determine material prices in conjunction with the 
quoted vendor prices. Some of the extra costs for the Lo-
Cal design were estimated from the cost data collected 
in 1978. These costs were adjusted to 1982 dollars by as-
suming a 7% annual inflation rate for four years or 30% 
Table 8 
Lo-Cal Design Monetary Savings 
Condition 
Lo-Cal Design 
Single-pane Windows 
Double-pane Windows 
Standard Walls 
Infiltration Doubled (0.5 ACH) 
No CeiHng Insulation 
50o/o Less Ceiling Insulation 
33°/o Less South Glass Area, 
Added to North Glass area 
No Floor Insulation 
Combined Case (Double-Pane Windows, 
Standard Walls, Infiltration Doubled, 
No Floor Insulation) 
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Total Energy 
Cost($) 
361.68 
512.10 
393.78 
411.18 
544.74 
1096.74 
431.04 
380.52 
447.60 
707.04 
Lo-Cal Energy 
Savings($) 
150.42 
32.11 
49.47 
183.05 
735.05 
69.37 
18.84 
85.89 
345.37 
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Table 9 
Increased Monetary Savings 
Condition 
Lo-Cal Deslg n 
Single-pane with Night Insulation 
Double-pane with Night Insulation 
Triple-pane with Night Insulation 
Lo-Cal South Wall 
Super-Insulation In Walls (R-50) 
Furnace Efficiency Increased 10o/o 
Ceiling Insulation Increased to R-40 
1 0°~ More South Window Area 
Combined Measures (Triple-pane w/ 
Night Insulation, Lo-Cal South Wall, 
Increased Ceiling Insulation to R-40) 
total cost increase. The costs for the Lo-Cal design were 
compared to those for the standard house described pre-
viously. 
Table 10 lists the extra costs associated with the Lo-
Cal design. Costs for proposed additional conservation 
measures are listed in Table 11. These costs were taken 
from the SERI publication. The cost given for a 10% in-
crease in furnace efficiency is a retrofit cost and not an 
increased cost at time of construction. An additional in-
Total Energy 
Cost($) 
3&1.68 
397.14 
328.02 
311.76 
340.50 
317.28 
307.68 
328.44 
359.88 
277.56 
Lo-Cal Energy 
Savings($) 
-35.46 
33.66 
49.92 
21.18 
44.40 
54.00 
33.24 
1.80 
84.12 
itial cost of about $600 for a furnace with a higher AFUE 
efficiency, coupled with a more accurate sizing of the 
system, which is essentially free, should increase the ef-
ficiency by about 15% rather than the 10% shown in the 
tables, and the cost would reflect the cost of a new in-
stallation rather than a retrofit. The analysis for adding 
10% to the south glass area was eliminated because the 
energy saved was less than the accuracy of the simula-
tions. 
Table 10 
Lo-Cal Component 
Triple-pane Windows from 
• Single-pane Windows 
- Double-pane Windows 
Lo-Cal Walls 
Infiltration reduced by 0.25ACH 
Ceiling Insulation 
• R = 0 toR= 23 
• R = 12.5 to R = 23 
33o/o More South Glass Area, 
Less North Glass Area 
Floor Insulation 
Combined Case (Triple-pane 
Windows, Lo-Cal Walls, 
Reduced Infiltration, 
Floor Insulation 
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Extra Cost for Lo-Cal Components 
Unit 
Price($) 
5.70/sq.ft. 
3.56/sq. ft. 
422.50 
80.60 
.016/sq. ft./R 
.016/sq. ft./R 
no add. cost -
. 67/sq.ft. 
Labor 
Price($) 
832.00 
233.26 
.020/sq. ft./R 
.020/sq. ft./R 
no add. cost -
.15/sq.ft . 
Total 
Cost($) 
1431.10 
893.55 
1254.50 
313.76 
1715.60 
857.80 
no add. cost • 
1703.14 
4164.95 
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Table 11 
Extra Costs for Additional Measures 
Conservation Measure 
Unit 
Price($) 
- .18/sq.ft. 
1.96/sq.ft. 
5.52/sq. ft. 
237.20 
.40/sq.ft. 
Labor 
Price($) 
467.10 
.015/sq. ft./R 
Total 
Cost{$) 
-45.58 
491.97 
1385.52 
704.30 
976.70 
1682.73 
Single-pane w/Night Insulation 
Double-pane w/Night Insulation 
Triple-pane w/Night Insulation 
Lo-Cal South Wall 
Super-Insulated Walls (R-50) 
Furnace Efficiency Increased 10o/o 
Ceiling Insulation to R-40 .016/sq. ft./R .020/sq.ftJR 1268.06 
10o/o More South Window Area 
Combined Measures (Triple-pane 
w/Night Insulation, Lo-Cal 
South Wall, R-40 Ceiling) 
Cost-Benefit Analysis 
The cost-benefit analysis used in this study is based on 
simple payback during the heating season. It is a direct 
comparison of additional costs versus monetary gains 
from energy savings due to various conservation 
measures. The payback period is defined as the number 
of years required for the savings to equal the cost of any 
conservation measure. All costs have been based on 
1982 prices. All of the costs for the given conservation 
measures are initial costs, since there were no addition-
al annual maintenance costs anticipated. The simple 
3357.88 
payback analysis was used only as a means of targeting 
specific design areas and the effect of specific changes. 
It was not intended to justify the Lo-Cal approach. 
In new construction, a more rational basis would be 
life-cycle costing rather than simple payback, since it is 
based upon the added cost of the mortgage as compared 
to the savings over the life of the house. Since the 
savings continue thoughout the life of the house, and 
no additional maintenance is anticipated on the struc-
ture, savings should be evident from the beginning, 
rather than implying that savings do not occur until 
Table 12 
Lo-Cal Component 
Triple-pane Window from 
-· Single-pane Window 
·-Double-pane Window 
Lo-Cal Walls 
Lo-Cal Design Payback Periods 
Infiltration Reduced by 0.25 ACH 
Ceiling Insulation 
•• R:O to R:23 
•• R:12.5 to R:23 
33o/o More South Glass Area, 
Less North Glass Area 
Floor Insulation 
Combined Case (Triple-pane Windows, 
Lo-Cal Walls, Reduced Infiltration, 
Floor Insulation) 
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Payback 
Period (Years) 
9.51 
27.83 
25.36 
1.71 
2.33 
12.37 
0 
19.83 
12.06 
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Table 13 
Improved Design Payback Periods 
Conservation Measure 
Single-pane Windows w/Night Insulation 
Double-pane Windows w/Night Insulation 
Triple-pane Windows w/Night Insulation 
Lo-Cal South Wall 
Super-Insulated Walls (R=50) 
Furnace Efficiency Increased 1 Oo/o 
Ceiling Insulation Increased (R=40) 
1 Oo/o More South Window Area 
Combined Measures (Triple-pane w/ 
Night Insulation, Lo-Cal South 
Wall, Ceiling Insulation (R=40) 
after the expiration of the payback period. The passive 
solar design and super-insulation will also have some 
effect on the energy used during the cooling season, 
which was not considered. 
The simple payback period method also does not in-
clude many factors that are present in other methods of 
analysis. Some of these factors include increases in in-
surance and property taxes, tax credits for energy-con-
serving investments, and increased resale value of the 
house. These factors frequently cancel each other. The 
method also does not include an energy cost escalation 
rate. Because all of the costs involved are initial costs, an 
energy price escalation would tend to decrease the 
payback period. Since these factors vary considerably 
from year to year and city to city, a more basic under-
standing of the importance of each energy-conserving 
measure is possible by not including them. This method 
will also produce a more conservative estimate. 
Payback Periods 
The payback periods are calculated only on the money 
saved by decreases in heating costs. Significant savings 
may also be made during the cooling season, depend-
ing upon the local climate. The decreased infiltration 
rate would have the greatest effect. The added insula-
tion has less effect because the indoor-outdoor tempera-
ture difference is relatively small during the cooling 
season. The calculated overhang to shade the south 
glass and the elimination of east and west glass would 
also produce savings over a conventional design. 
The calculated payback periods for each conserva-
tion component in the Lo-Cal design and for the entire 
house are given in Table 12. The smaller the number of 
years, the more likely that the conservation measure 
will save money during the life of the house. 
The payback period for the use of triple-pane win-
dows instead of double-pane was very long at 27.8 
years. This indicates that in the tested climate double-
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Payback 
Period (Years) 
1.29 
14.61 
27.75 
33.25 
21.98 
31.16 
38.16 
no cost 
39.92 
glazed windows may be the most economical choice. 
The double-stud Lo-Cal wall had a payback period of 
25.3 years. This could be expected because the energy 
losses through the walls were not a large portion of the 
total losses, and the special construction of the Lo-Cal 
walls resulted in high additional costs. One factor that 
should be considered is the possible effect of the Lo-Cal 
walls on the infiltration rate. A major reduction in in-
filtration would increase the energy savings attributable 
to the wall construction and decrease the payback 
period significantly. 
The amount of reduction in infiltration resulting 
from the use of the double-wall system could not be 
measured. The dramatic effect of reducing infiltration 
can be seen in the payback period of only 1.7 years for 
the efforts necessary to reduce the infiltration by 50%. 
No payback period was calculated for adding to the 
south glass area and reducing the north glass area be-
cause the total window area and therefore the costs 
remained constant. 
Increasing the ceiling insulation from R-23 to R-40 
and insulating the floor had comparable payback 
periods of about 20 years. The importance of ceiling in-
sulation is illustrated by the payback period of only 2.3 
years of R-23 insulation as compared to an uninsulated 
ceiling. 
The overall payback period of the Lo-Cal package 
was based on a comparison of the test house with a 
standard house that used 2x4 stud walls with R-11 in-
sulation, 33% difference in north/south glass area, 
twice the infiltration rate, and no floor insulation. The 
overall simple payback period was 12 years, which is 
quite desirable considering that the average life of the 
house should be at least 50 years. The payback periods 
are conservative because the long-term fuel cost escala-
tion rate is likely to be greater than the rate of inflation, 
because the benefits of the superinsulated house during 
the cooling season were not considered, and because of 
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the increased resale value of a house that has low utility 
bills. 
Improved Design Payback Periods 
The final decision for possible improvements to the Lo-
Cal design concept can be based on the length of 
payback period for the improvements. Table 13 shows 
the payback period for each proposed design improve-
ment. The most promising change was to use single-
pane windows with an insulating panel applied at 
night. The payback for this measure was only 1.3 years, 
but is based upon an idealized situation-the applica-
tion of the panel was assumed to occur exactly at sun-
down and its removal exactly at sunrise. Unless this 
schedule was strictly adhered to, the savings would be 
much less because of the low insulating value of the 
single glass as compared to the insulating panel. The 
use of an insulating panel over the triple glass, even on 
this schedule, had a payback of 27.8 years. The small in-
crease in energy savings due to window insulation was 
experimentally verified in an earlier study. Therefore, 
the addition of night insulation to triple-pane windows 
is not justifiable. 
Changing the 2x4 south wall to a Lo-Cal wall did 
produce an energy savings, but the additional costs for 
the long south wall made the payback period very long 
at 33.3 years. Raising the insulation value of the walls 
toR-50 had a lower payback period, 22 years, but the 
loss of floor space due to the increased wall thickness 
was not considered. 
Increasing the furnace efficiency by 10% could have 
a much shorter payback period than indicated in the 
table, because the costs used were for a complete re-
placement of the existing furnace. Installing a furnace 
that was more accurately sized to the load of the house 
would have increased the efficiency with little or no 
extra cost, and the use of a more efficient design would 
have increased the costs much less than indicated and 
probably increased the efficiency even more than 10%. 
If a cost increase of only $600 (typical) would increase 
the furnace efficiency 10%, the payback period would 
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be only 11.1 years, and if that investment increased the 
efficiency 15%, the payback period would be only 7.4 
years. The lower efficiency furnaces will no longer be 
manufactured as of 1991. 
Increasing the ceiling insulation to R-40 was not real-
ly a design improvement since the original design called 
for an R-40 ceiling. The actual insulation value of R-23 
may have been due to settling of the insulation or the 
use of a non-representative sensor location. The 
analysis of the results shows a long payback period for 
R-40 insulation over R-23. This would indicate that an 
R-value of 40 is not that beneficial. 
As previously mentioned, a 10% increase in the south 
window area provided an insignificant amount of ener-
gy savings. The combination of three design changes: 
night window insulation; a Lo-Cal south wall; and R-40 
ceiling insulation saved about 20% less energy than the 
individual total energy savings. This combination had 
the highest payback period of 39.92 years. 
Except for the use of night insulation on a strict 
schedule with single-pane glazing, the proposed design 
changes do not seem very effective. It is doubtful that 
the rigid schedule of night insulation could be main-
tained in practice unless it was computer-controlled, 
which would add significantly to the cost. An increase 
in furnace efficiency would be very desirable if the cost 
increase was not significant, which would be the case if 
a properly sized furnace was used. 
The payback period for many of the Lo-Cal features 
was unacceptably long, using the cost figures cited. 
However, local prices and conditions may change the 
picture significantly. Both labor and materials prices 
have changed since the test house was built. As an ex-
ample, the local contract prices for blown-in insulation 
in the ceiling are only about $.023 per square foot per R-
value (labor and materials) as compared to the $.036 per 
square foot per R-value given in the SERI/Means sur-
vey and used in Tables 11-13. Likewise, the cost of fuel 
varies widely throughout the country, which will have 
a major effect on the payback period. 
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Chapter 9. Conclusions 
This study involved several areas, including the ther-
mal performance of components within the house, 
using the BLAST program to assist inperformance as-
sessment, and comparing the cost-benefit ratio for each 
component. This chapter summarizes the conclusions 
and indicates the areas in which further research is 
needed. 
The calculations for the energy gains within the 
house showed that during the three-week balance 
period, the solar and internal gains were almost equal 
at about 22% each. More solar energy might have been 
utilized if the blinds in the living room had been raised 
completely, but at the expense of glare. The furnace sup-
plied 56% of the energy required, but at a relatively low 
estimated efficiency of 57% at steady-state conditions 
and 40% estimated average for the combination of start-
up and steady state operation. The low efficiency may 
have been due to furnace sizing, or furnace design. 
The largest energy loss, 21.6%, was due to infiltration, 
even though the house had a relatively low infiltration 
rate of .24 air changes per hour. This low infiltration rate 
was attributed to extra caulking, a well-sealed vapor 
retarder, and the sealing of the furnace ducts. Losses 
through the windows and the ceiling were about equal 
and represented a total of 43.6% of the energy lost. The 
resistance value for the windows was slightly lower 
than expected, but the measured R-value of the ceiling 
was almost 50% less than specified. That may have been 
due to the settling of the loose fill insulation or a non-
representative location for the heat flow sensor. 
The R-value of the walls was close to the calculated 
R-value. There was little correlation between heat loss 
through the walls and wind speed or direction. The 
standard south wall had a greater net energy loss than 
the Lo-Cal walls. 
Before using the BLAST program to assist in the ther-
mal performance analysis, an extensive validation pro-
cedure was performed. The mathematical model had 
some initial problems, the main one being the large 
predicted daily temperature swings in the house. The 
calculations for solar gain seemed to be the cause, and 
the best solution resulted from using a shading coeffi-
cient of 0.5 to simulate the effects of the venetian blinds. 
The energy prediction for this model was within 8.2% 
of the actual energy use. 
In the energy-economic analysis, it was again shown 
that infiltration was an important factor. Decreasing the 
infiltration by 50% resulted in a short 1.7-year payback. 
However, a certain amount of infiltration is necessary 
to maintain indoor air quality. The minimum recom-
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mended ventilation rate is 0.5 air changes per hour. An 
air-to-air heat exchanger may be necessary to maintain 
that ventilation rate while conserving energy. Since this 
approach was not tried, no cost-benefit data on air-to-
air heat exchangers was available. 
The use of triple-pane windows or a storm panel with 
double-pane windows and the use of the Lo-Cal walls 
had long payback periods, according to the calculations. 
However, it was not known how much these com-
ponents contributed to the low infiltration rate. This ef-
fect was simulated when the payback period for the 
entire house was calculated. Even with the additional 
costs of the Lo-Cal walls, triple-pane or storm windows, 
and floor insulation, the payback period for the entire 
house over standard construction was only 9.26 years. 
This was a conservative estimate because no fuel cost 
escalation rate was included in the calculations. 
Attempts to improve the Lo-Cal design were not par-
ticularly successful. The increase of furnace efficiency 
was undoubtedly the most practical, since correct sizing 
of the furnace costs no more and possibly saves money 
if done during initial construction. The selection of a 
higher-efficiency combustion system would cost only a 
few hundred dollars more at that time, and the increase 
in efficiency might well be on the order of 20% or more. 
The use of single-pane windows and movable night-
time insulating panels did provide some savings, but 
the practicality of operating the panels exactly at sun-
rise and sunset is doubtful. 
Replacing the standard south wall with a Lo-Cal wall 
did save energy, but the payback period was unaccep-
tably high. The amount of south-facing glass in the 
design was very close to the optimal value, and practi-
cal revisions of the glass area did not make a significant 
difference-the gains or losses were smaller than the ac-
curacy of the calculations. Adding insulation to the ceil-
ing to bring it up to the design value of R-40 also had a 
long payback period, but the calculations considered 
only savings of heating fuel. Additional savings on cool-
ing costs should result, but they were not considered in 
the cost-benefit calculations. 
The solar gain through the windows represented 
22.8% of the energy gained, and showed a net gain over 
loss through the windows of 3.7% of the total energy 
transfer. Because of the exceptionally low losses, this 
percentage figure is considerably higher than would be 
the case for a conventionally built house. The reduction 
in energy used for lighting of the areas normally oc-
cupied during the day could not be estimated from the 
data available. There was an indication from the oc-
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cupants that increased lighting levels in parts of the 
room not in the path of direct sunlight was necessary to 
control lighting contrast. 
The importance of furnace duct design, insulation, 
and sealing was emphasized. The standard commer-
cially installed metal ducts leaked so badly that the test-
ing could not be conducted until they had been sealed. 
Duct leakage was sufficient to presssurize the crawl 
space and cause exfiltration from the space. 
The project was extended to permit the addition of a 
suns pace/ greenhouse section, furnished by its 
manufacturer, on the south side of the living room. The 
sunspace was 11' -6" wide and 27 feet long. The green-
house area did have a quarry tile floor over a three-foot-
deep sand bed, but no Trombe wall or other heat storage 
media were installed. The sand bed had R-9 
polyisocyanurate perimeter insulation, but no insula-
tion beneath. Some data were collected but a detailed 
analysis was not conducted. The basic observation was 
that the suns pace/ greenhouse did not measurably 
reduce the heat required from the furnace during the 
heating season. The BLAST computer simulations also 
predicted that to be the case. The conventional (for a 
greenhouse) sloped glass roof allowed so much radiant 
heat loss that the greenhouse cooled very rapidly as 
soon as the sun went down despite the sand bed 
storage. 
There was undoubtedly some saving because of a 
reduced temperature differential across the south wall 
during the day, but there was reduced solar gain into 
the house itself also. The windbreak effect of the 
sunspace would tend to reduce the infiltration rate, but 
its location on the southeast comer (with the prevailing 
winter winds from the northwest) minimized that 
benefit. If the energy use of the house had been analyzed 
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on a year-around basis, it might well have been a nega-
tive factor because of the energy necessary to ventilate 
the space and to remove additional heat gain through 
the south wall with the air conditioning system. On the 
plus side, it did provide some pleasant additional living 
space during the daylight hours of the winter. It had a 
large screened area, which allowed it to cool rapidly 
during summer evenings as well. It provided a pleasant 
dinner area, when the screened openings did not have 
to be closed for security reasons. 
Council Notes C8.2, Sunspaces and Greenhouses, 
provides additional information on the design and con-
struction of such additions, and was developed as a part 
of this project. 
Further Research 
Additional research on the Lo-Cal concept could in-
clude the use of BLAST or some other predictive 
program to optimize the design for other weather en-
vironments. It would also be valuable to collect data 
and analyze performance during the cooling season. 
Residents of houses built using the Lo-Cal concept 
report considerably reduced cooling costs, but this in-
formation is only anecdotal. 
Additional research could also be used to refine the 
BLAST program to locate the causes of the predicted 
large daily temperature swings, which did not occur in 
the test house. 
The Lo-Cal design concept and its components have 
been shown in this study to have significant potential 
for energy and monetary savings. Because of the long 
life-spans of single-family residences, incorporating the 
Lo-Cal design concepts into new house construction 
should be seriously considered as a measure to con-
serve both energy and money in the future. 
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Appendix A: Equipment Selection 
Temperature Measurement. The best sensors for long-
term low-level temperature measurement are either 
high-resistance platinum RTD sensors or precision ther-
mistors. Thermocouples are neither as stable nor as sen-
sitive as either of the above; uncalibrated 
thermocouples are accurate, with the best dataloggers, 
to about ±1.1 ·c. They have the advantage of requiring 
no excitation, but this is certainly balanced by the dis-
advantages of a low-level signal and the need for com-
pensation. 
Many researchers use platinum RTD' s. Convention-
al RTD's have 100 Ohms resistance at 2s·c. and there-
fore require either a three- or four-wire measurement in 
order to correct for lead wire resistance, which is on the 
order of 2-3 Ohms. A three- or four-wire measurement 
often requires two data logger channels, and if many 
temperature measurements must be made, this can be 
costly. The larger wire is also a greater intrusion upon 
the monitored component. However, 1000 and 3000 
Ohm RTD's recently have been introduced by Hy-Cal 
and Omega; this resistance is high enough that lead 
resistance can be neglected and only a two-wire 
measurement need be made. Uncalibrated RTD' s are ac-
curate to about± 0.7·c. for the range -30 to +50°C. 
Thermistors offer high sensitivity and good stability 
for a low cost. They require excitation (as do RTD' s) and 
have a non-linear output; the log of resistance is propor-
tional to temperature. Since the selected data acquisi-
tion unit can calculate log functions, conversion from 
resistance to temperature presents no difficulty. The 
resistance is also high enough to neglect lead effects. 
Thermistors seem to have acquired a reputation for 
being unstable, but test results show thermistors to be 
very stable. In a test conducted by the National Bureau 
of Standards, the average change in resistance during a 
13-year period was equivalent to o.o7·c. for the 20 sen-
sors tested. The thermistor can, however, degrade in the 
presence of moisture. This problem can be avoided by 
taking adequate precautions to weatherproof the sen-
sor. 
A total error analysis was conducted for thermistor 
temperature measurement. The analysis included: a) 
thermistor tolerance error; b) DVM total system error 
based on calibration at one-year intervals (including ex-
citation error); c) resistance to temperature conversion 
error; d) lead wire resistance error; and e) self-heating 
error. The total calculated error for environmental 
measurements is± 0.13·c. for the range -22 to +so·c. (-
8 to + 122 'F.). For furnace temperature measurements, 
the error is estimated to be no greater than ±0.16 ·c. for 
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10 to go·c. (50 to 194 'F). Given the high accuracy, 
stability, and low cost, thermistors were chosen as the 
best sensor for this application. The sensors were 
protected from moisture by coating them with silicone 
or neoprene rubber. Sensors used for soil temperature 
measurement were also sheathed in thin-wall, small-
diameter metal tubing. 
Humidity Measurement. In order to accurately 
measure the energy delivered to the house by the fur-
nace or air conditioner, the presence of water vapor in 
the air should be accounted for. To keep this error below 
1/2% for furnace calculations, the dew point must be 
measured to ±5 ·c. The error tolerance is tighter for air 
conditioning calculations because the condensation of 
water vapor is a major portion of the load. Calculations 
show that for typical summer conditions an error in 
dew-point temperature of± 0.6 ·c. produces an error of 
7% in energy load calculation; an error of± 0.28·c. 
results in a ±3.3% error. The dew-point probe used in 
the research is a high-accuracy probe with an error of± 
0.28 ·c (from manufacturer-supplied specifications). 
This is considerably better than most general-purpose 
humidity or dew-point probes can attain, but initial ap-
plication within the test residence indicated greater sen-
sor error. 
Mass Flow. The furnace stack mass flow was measured 
using a two-wire current-mode velocity transducer. 
This velocity probe had a non-linear output, for which 
correction was required. The primary velocity probe in 
the furnace ducts were pitot arrays mounted in line be-
hind honeycomb flow straighteners. Literature from 
other studies using similar air-flow monitoring equip-
ment documented the need to calibrate this equipment. 
The array was calibrated using an electrical resistance 
grid to induce a temperature rise in the flow. By ac-
curately measuring the temperature rise across the grid 
and the power consumed by the grid, the correction fac-
tor was determined. The secondary element was an ex-
tremely sensitive differential pressure transducer 
whose output was proportional to the difference be-
tween the stagnation and static pressures. The actual 
sensors which were installed are listed in Appendix B, 
along with their specifications. 
Data-Logger Selection 
The Hewlett-Packard computer-controlled data ac-
quisition system was selected for several reasons. First, 
the system offered high performance. The digital 
voltmeter (DVM) was auto-ranging with a dual-slope 
integration AID conversion technique, and had 5 1 /2-
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digit resolution with 1 microvolt sensitivity. It scanned 
at a rate of 50 readings per second and had a buffer 
which stored 60 readings. The DVM also contained a 
three-level selectable± 0.03% current source for sensor 
excitation. The basic system could accept up to 100 
channels of input, expandable to 1000 channels through 
the use of extender boxes. All channels were fully 
guarded and used low thermal reed relay switching. 
The system was computer (not just microprocessor) 
controlled. The controller used was the HP-85A com-
puter, a small stand-alone computer with enhanced 
BASIC language programming, 32k bytes of ROM, 217k 
bytes (per tape) of cassette tape storage, a 127mm. 
diagonal CRT display, and a printer. Computer control 
gave the system a high degree of flexibility. The chan-
nels could be scanned in virtually any order, with any 
number of scanning rates for different subsets of chan-
nels, and any group of channels could be averaged 
together or averaged over time. Furthermore, the full 
computing capability, such as the ability to evaluate 
large polynomial equations or calculate transcendental 
functions (natural logarithms or trigonometric func-
tions), allowed the system to accomodate sensors with 
non-linear output. This permitted the use of non-linear 
thermistors for temperature sensing; and, dew point 
sensors could be used without signal conditioning. 
The system had both graphics and interrupt 
capabilities. The small CRT display was used to provide 
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instant graphical data summaries and tabular displays. 
This made it possible to check sensor operation or as-
sess the thermal performance of a part of the house 
quickly without having to dump the data to a large com-
puter for analysis. An important feature was the inter-
rupt capablilty on 8 of the 16 digital lines. These lines 
were used to sense on-off position of switches. In many 
instances, it was important to know exactly when a 
switch signaled an event in order to accurately measure 
on-off time. With interrupt status, when an event oc-
curred, it received the immediate attention of the sys-
tem, rather than requiring monitoring. The interrupt 
signal was also able to direct the computer to execute 
special routines. 
The system was equipped with an RS-232 interface 
to enable the magnetic tapes recorded and processed by 
the desk-top computer to be read directly into the main-
frame computers at the University of Illinois via a 
telephone modem. Mter the data was transferred to the 
main-frame computer, all of the programs developed at 
the University computer center for data analysis could 
be used to analyze the data. Statistical, mathematical, 
and graphic programs were available. These features 
made the information much more usable and available 
for analysis than in previous research projects con-
ducted by the SHC-BRC. 
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Appendix B: Instrumentation List 
Hewlett-Packard 3497 Data Acquisition System 
with the following options: 
• 001 5 1 /2-digit voltmeter and current source 
• 010 20-channel relay multiplexer assembly, 4 
units 
• 050 16-channel input/interrupt assembly, 1 unit 
Hewlett-Packard SSA Computer/Controller. 
3497 Data Acquisition Unit with options: 
• HP-GPIO Serial Interface 
• HP-IB Interface 
• RS-232 Serial Interface 
• 16k Bytes Memory Module 
• 5 Tape Cartridges 
Multi-Tech MT212D-S 12QO-baud modem for com-
munication between the H-P 85A computer and 
University CYBER computer. 
Sensors Chosen 
Heat Flux Sensors: (6 units) 
Type: Thermopile 
Model: Hy-Cal BI-7x 
Accuracy: ± 2% 
Output: 1000 mV /500 Btu/hr ft2 
Temperature Sensors: 55 units 
For environmental measurements (41 units): 
Type: Thermistor 
Model: Yellow Springs 44034 (5000 at 25 OC) 
Accuracy: ± 0.1 'C. 
Output: resistance change (requires excitation) 
For furnace measurement (14 units): 
Type: Thermistor 
Model: Yellow Springs 44032 (30 K at 25 OC) 
Accuracy:± 0.1 'C. 
Output: resistance change (requires excitation) 
Humidity Sensors: (5 units) 
Type: Dew-Point Cell consisting of LiCl-impreg-
nated wick, platinum electrode, and ther-
mistor sensor. 
Model: Yellow Springs 9400 dew-point cell with 
44031 thermistor 
Accuracy: (-50 to +50 OC) ± 0.5 °C. 
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Output: resistance change (requires excitation) 
Pyranometers: (4 units) 
Type: Black and white thermopile 
Model: Eppley 8-48 
Accuracy: ± 1% 
Output: 11 V /watt mete~ 
Barometric Pressure: (1 unit) 
Type: Temperature-compensated bellows 
attached to an LVDT 
Model: Texas Electronics 2012 
Accuracy: ± 0.07% (± 0.02" Hg) 
Output: DC voltage 
Wind, Direction and Speed: (1 unit) 
Type: Wind vane and three-cup anemometer 
Model: R. M. Young Company 6001 
Accuracy: Wind vane: ± 5% 
Anemometer: estimated± 1% 
threshold, 1.6 m.p.h. 
Output: Wind vane: resistance change (requires 
excitation) 
Anemometer: 46 mV /m.p.h. 
Watt 'llansducers: (2 units) 
Type: Hall effect 
Model: Ohio Senutronics 
Accuracy± .5% 
Output:0-10 volts DC 
Gas Flow: (1 unit) 
Model: American Gas Meter Co. AL-175 
Output: Resistance change (requires excitation) 
Duct Mass Flow: (3 units) 
For velocity measurement (2 units): 
Type: Pi tot Tube Arrays behind flow straightners 
Output: Pressure diff:. - stagnation and static 
For pressure measurement (1 unit): 
Type: Pressure transducer 
Model: MKS Baratron Type 223A 
Output: + 1 volt DC 
Stack Mass Flow: (1 unit) 
Type: Hot-wire anemometer 
Model: Kurz Instruments Inc. #410-2 
Accuracy: 2% of full scale 
Output: 0-5 volts DC 
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Appendix C: Heating System Efficiency 
Because the furnace is a large part of the energy input 
for the house, an accurate estimate of its efficiency is im-
portant. The approach used to estimate the furnace ef-
ficiency was divided into three steps. First, the ability 
of the furnace to transfer the energy of the gas consumed 
to the circulating air supply was measured. Second, to 
establish the amount of energy lost through the supply 
ducts, the energy lost between the outlet of the furnace 
and five separate points in the supply ducts was 
measured. Finally, an overall system efficiency was es-
timated and checked against combined values for the 
first two steps. Efficiency estimates were calculated for 
both steady-state and cycling conditions. 
Furnace Input 
The efficiency of the furnace in transferring energy from 
the gas to the forced-air flow was measured using the 
return-air duct temperatures, the temperature of the 
supply air at the furnace outlet, the amount of gas con-
sumed, and the air flow rate. The temperatures and the 
gas flow values were extracted from the monitored 
data, but the air flow had to be measured separately. 
The air flow rate through the ducting system was 
measured by three different methods. 
Air Flow Rate 
The air flow rate through the return air ducts, located in 
the ceiling on the east and west sides of the main 
hallway, was measured with a portable flow hood with 
a fixed pitot tube array. The total air flow measured 
through the two return ducts was 980 ± 40 cubic feet per 
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minute (CFM). 
Two other methods for air flow measurements were 
used on the sixteen supply vents that were fed by 6-inch 
circular ducts. First, a propeller-type velocity meter 
was used to estimate the air flow through each vent. 
Several readings were taken of the air flow through each 
vent to account for a velocity profile across the outlet 
and to minimize instrument error. Readings were also 
taken just within the 6-inch supply ducts. The measure-
ments within the ducts were considered more accurate 
and were used to obtain the final flow rates. The total 
supply air flow rate obtained using this method was 
1480 ± 100 CFM. 
A second means of measuring the flow rate from the 
supply ducts was also used. A hot-wire anemometer 
was used to measure air velocities from the vents. 
Again, an effort was made to take enough readings to 
clearly indicate an average flow rate for each vent. The 
total supply flow rate obtained from this method was 
1068 ± 40 CFM. Because the anemometer measure-
ments were more accurate and closer to the value ob-
tained for the return air vents, the air flow rate values 
measured with this methods were used. Figure C-1 
gives a summary of air flow rates used in the study. For 
the furnace efficiency analysis, it was assumed that 
these air flow rates remain~ constant when the fan was 
operating and that both the supply air and return air 
flow rate was 1068 CFM. It was also assumed for the 
calculations that the air density and capacity remained 
constant at .0710 lb/ft3 and .240 Btu/lb*-F respectively. 
The energy content of the natural gas was assumed to 
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Figure C-1. Summary of Duct Air Flow (cfm) 
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be 1000 BTU per cubic foot. 
Furnace Efficiency 
The equation used to estimate the efficiency of the fur-
nace to transfer energy was: 
Eff = Cp[mt * Tt- IIl2 * T2- 1113 * T3]/[Qgrossl 
where: 
= furnace efficiency 
average specific heat of air 
= mass flow rate of air supplied 
= temperature of air supplied 
Eff 
Cp 
mt 
Tt 
m2 = mass flow rate of air returned through 
east duct 
= temperature for IIl2 air T.2 
1113 = mass flow rate of air returned through 
west duct 
= temperature for 1113 air 
= total energy used to heat air 
Long periods of furnace operation were selected for 
analysis of steady-state furnace performance. At 
steady-state conditions, the furnace transferred 71.3 ± 
2.4% of the energy in the gas to the return air flow. 
Steady-state conditions were attained after the first 15 
minutes of furnace on-time, which was longer than ex-
pected. [Ref. 8] 
Due to the long period before steady-state operation 
was attained, the gas consumed during start-up of the 
furnace becomes important. Figure C-2 shows the ef-
ficiency of the furnace during this start-up period. The 
increasing efficiency of the furnace during this period 
can be attributed to the thermal capacitance of the heat 
exchanger. 
The furnace efficiency in the cycling period can be 
approximated with a curve of the form: 
EFF = Eo( e-At) 
where: 
EFF = efficiency during cycling 
FURNACE 
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TIME (MIN) 
Figure C-2. Furnace Cycle-On Efficiency 
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Eo = steady-state efficiency 
A = time constant 
t= time 
The steady-state efficiency was assumed to be 71.3% 
and the time constant was found to be .14 per minute. 
Upon integration of this equation, an average efficien-
cy of .30 was calculated over the 15-minute start-up 
period. 
Duct Losses 
Duct losses were also studied at both steady-state and 
cycling conditions. The steady-state analysis used a spe-
cial array of temperature sensors located in the supply 
duct system over a two-week period. The general equa-
tion used to caculate duct losses per foot of duct was: 
A/ft = mCp (To- Ti) /L 
where: 
Q/ft 
m 
Cp 
To 
Ti 
L 
Energy lost per foot 
= mass flow rate 
specific heat of the air 
initial air temperature 
final air temperature 
= distance between sensors 
An average mass-flow rate was used for the calculations 
and was adjusted depending on which two tempera-
ture sensors the air was flowing between. All the 
analysis was done under steady-state conditions with 
the furnace on continuously. Values were obtained for 
an average steady-state duct loss per foot for each duct 
type. 
For the largest duct, the 8" x 20" section, the heat lost 
perfootwas3.91 Btu/ft *min. Theothermainduct, the 
8" x 14" section, had a calculated duct loss of 2.80 Btu/ft 
*min. For the 6"-diameter branch ducts, the average 
heat loss was .301 Btu/ ft * min. During the data collec-
tion period, the ambient temperature of the crawl space, 
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where the ducts were located, stayed fairly constant at 
50± 3 "F. The farthest temperature sensor from the fur-
nace outlet, T4, was used to check the calculated heat 
loss per foot values. Some adjustment of the average 
mass flow rates assumed were performed to achieve the 
most accurate agreement with the temperature data. 
The total energy lost per minute for the duct system 
was calculated as 253.8 Btu/min. or 14.6% of the input 
gas energy at steady-state conditions. Using the calcu-
lated efficiency of the furnace of 0.713 and the total duct 
losses, the overall steady-state efficiency for the heating 
system was 0.57. 
The energy lost in the ducts during the initial start-
up of the furnace was from the heat capacitance of the 
ducts and heat lost to the crawl space. Figure C-3 shows 
the percent of energy lost as a function of time for one 
of the vents in the middle of the house. The curve fit 
used the same equation and time constant as the fur-
nace, 0.14, and a steady-state energy loss efficiency of 
14.6%. Assuming a 15-minute period to reach steady 
state, the average energy lost was 5.2%. The long 15-
minute warm-up period may have been caused by the 
outside duct insulation allowing the capacitance of the 
ducts to have an increased effect. 
Overall Heating Efficiency 
The calculated overall heating efficiency, using the fur-
nace input efficiency and the duct loss rate, was 057 for 
steady-state and 0.25 during the start-up period. A 
separate method was used to check the accuracy of 
these values. A vent located an average distance from 
the furnace was chosen for the analysis. 
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The overall temperature difference from the average 
return air temperature and the final supply temperature 
was used in the efficiency equation. Gas energy input 
equalled the fraction of the air supply that the vent used. 
The vent had an airflow of 60.9 CFM. Therefore, the 
total gas used for this air flow was 60.9/1050 = 0.058 
times the total gas flow. 
The efficiency of energy use for the air flow through 
this vent at steady state was 0.59, very close to the sys-
tem efficiency already calculated. Figure C-4 shows the 
total temperature difference versus time for the vent. 
Again, the warm-up period was about 15 minutes long. 
Figure C-5 indicates the efficiency of energy use for this 
supply air during the warm-up period. A 0.14-hour 
time constant was used, and a steady-state efficiency 
value of 0.59 from the curve fit of the data. Integrating 
this curve over the 15-minute period gave an average 
start-up efficiency of 0.242, which was close to the cal-
culated system efficiency of 0.25. 
Although the average warm-up efficiency and the 
steady-state efficiency were fairly constant throughout 
the data analyzed, there was also energy gained after 
the furnace burner was turned off and the fan remained 
on. Also, there were many periods during which the 
furnace cycled on before the system had cooled down 
from the previous furnace operation period. The start-
up efficiencies given were only for a cold start-up 
period. These factors make calculating an overall sys-
tem efficiency more difficult. The discussion above 
clearly indicates the strong transient effects of the fur-
nace system, but because the simulation did not allow 
the incorporation of these specific factors, the steady 
state efficiency of 0.57 was assumed. 
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Appendix D: Tracer Gas Infiltration Test Equipment 
This describes the fully automated, microprocessor-
controlled experimental system used for measuring the 
rate at which air enters (and exits) the test space from 
(to) the outside. The system featured an Intel A-80 
microprocessor which was used to (1) control the rate 
at which tracer gas was continuously injected into the 
test space; (2) control the sampling location and fre-
quency of the tracer gas concentration; (3) calculate the 
total volume flow-rate of air and effective volume of the 
test space; (4) store the resulting data. 
Injection System: The injection system hardware con-
sisted largely of a Matheson mass-flow controller which 
controlled the continuous injection of tracer gas into the 
test space. Based on a pre-programmed steady signal, 
the controller compared this steady signal with the sig-
nal received from the flowmeter. Any differences be-
tween the two signals caused the controller to activate 
the control valve, changing the flow rate, until the two 
signals balanced. 
Sampling System: The microprocessor opened and 
closed solenoid valves to control which of a number of 
inlet ports was used. A pump drew sufficient air into a 
Wilkes Miran 101 infra-red gas analyzer where tracer 
gas concentrations were measured. The analog output 
of the analyzer was converted to a digital signal and 
stored in RAM of the microprocessor. 
Tracer Gas: Sulfur hexaflouride (SF6) was chosen be-
cause it satisfies most of the requirements of an ideal 
tracer gas: inert, non-toxic, non-explosive and not 
present as background in the test space. In addition, SF6 
is detectable at concentration levels three orders of mag-
nitude smaller than many other previously used tracers. 
One disadvantage of SF6 is its high molecular weight 
relative to air. Special care was taken to thoroughly mix 
this tracer gas with the building air volume. Desk fans 
were used for this purpose. All known literature on SF6 
supports its non-toxicity; therefore, it is safe to use in 
occupied spaces. 
Data Analysis 
Assuming perfect mixing, the rate of change in the 
amount of tracer gas in the test space equals the rate at 
which tracer is injected into the space minus the rate at 
which the tracer leaves the space due to infiltration: 
V(dC/ dt) = F- QC 
where: 
c 
Page38 
tracer gas concentration 
(1) 
F = injection flow rate of tracer gas 
(vol/time) 
Q = test space air volume flow rate to 
(from) the outside (vol/time) 
v = test space volume 
A solution to Eq. (1) takes the form: 
C = Coe- Qt/V +F /Q (1 - e-Qt/V) (2) 
where: 
Co = initial gas concentration. 
The microprocessor operated on a 30-minute cycle. At 
the end of each cycle, using the known constant rate of 
tracer gas injection (F) and the collected concentration 
data (C), an algorithm found the best-fit values of V, Q 
and Co to satisfy Eq. (2). 
Although not used for rigorous calculations, it is 
helpful conceptually to rearrange Eq. (1): 
V = (F-QC)/(dC/dt) (3) 
From this representation, it is clear that volume calcula-
tions are most accurate when (dC/dt) is large. The 
volume calculated at the end of each 30-minute period 
can be interpreted to represent the effective test space 
volume coupled to (or well-mixed with) the injected 
tracer gas. 
Another rearrangement of Eq. (1) yields: 
Q = F- V(dC/dt) (4) 
Equation (4) indicated that when the tracer gas con-
centration in the test space is held fairly constant (dC/ dt 
= 0), Q will be very easy to calculate. This simplification 
is in fact used in the injection-rate control scheme. A tar-
get tracer gas concentration was picked to yield a 3 I 4 
to full-scale reading on the gas analyzer. At the end of 
each cycle, the newly calculated value of Q was used in 
the following equation to find the injection rate for the 
next 30-minute cycle. 
F = OnewCtarget (5) 
Adjustments in the tracer gas injection were made only 
every 30 minutes due to the length of typical mixing 
times in building volumes. In this way, the tracer gas 
concentration was allowed to naturally fluctuate with 
the normal variations in the air infiltration rate. 
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The major sources of error in the system were in the 
calibrations of the mass-flow controller and the gas 
analyzer (typically 1% of full scale), and in any problems 
in the complete mixing of the tracer gas within the test 
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space. Data from almost identical infiltration systems 
operated by Lawrence Berkeley Laboratories indicated 
that a reasonable expectation is 5-10% total system error. 
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Appendix E: Energy Balance Calculations 
The energy balance for the Lo-Cal house was performed 
using the hourly averaged or totaled data for the three-
ENERGY GAIN 
Internal: Q = Qe + Qp 
where: 
Qe = energy input by electric use 
Qp = energy input by people use 
Electric: Qe = Watt transducer readings 
People: Qp=lxTxn 
where: 
I = heat input rate (450 Btu per hour per 
person) 
T = time (hours) 
n = number of people 
Solar: Qs = q x A 
where: 
q = insolation readings (Btu per square foot) 
A = glazing area (square feet) 
Furnace: Qf = F x a x E 
where: 
F = gas flow readings (cubic feet) 
a = conversion factor (Btu per cubic foot) 
E = furnace efficiency (0.57) 
Total Gains: Qg = Qi + Qs + Qf 
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week period from March 14 to April3, 1983. The com-
ponent energy contributions were calculated as follows: 
ENERGY LOSS 
Walls/Ceiling/Floor/South windows: Qw = q x A 
where: 
q = heat flow meter readings (Btu per square 
foot) 
A = area (square feet) 
Infiltration: Qx = m x Cp x (Tt - T2) 
where: 
m = mass flow of air based on air changes 
per hour and density of air (lb. per hour) 
Cp = specific heat of air (Btu per lb. per 'F) 
Tt =inside temperature ('F) 
T2 = outside temperature ('F) 
North windows: Qn = VR x Ax (Tt - T2) 
where: 
R = resistance of windows 
(square foot per hour per 'F /Btu) 
A= window area (square feet) 
Total Loss: Q1 = Qw + Qx + Qn 
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Appendix F: Lo-Cal House BLAST Input File 
BEGIN INPUT; 
•• 
•• 
•• LOCAL HOUSE 
•• 
•• 
•• THERMAL MODEL OF THE LOCAL HOUSE 
•• 
•• 
•• 
•• FINAL BASE CASE 
•• 
RUN CONTROL% NEW ZONES,UNITS(ENGLISH), 
REPORTS(ZONE LOADS); 
1 *1 MATERIALS*111 11MATERIALS111 
TEMPORARY MATERIALS% 
!1: {R:8.50), 
!2: {R=27.00), 
I3= {R:23.5), 
!4: (R:20.0), 
•• 
•• 
I5= (R:4.0), 
W1: (R:2.50,TRANS:.51,GLASS); 
W2:(R:1.80,SC:.25,GLASS); 
VN25:{SHADE,TRANS:.05,REF:.90); 
END MATERIALS; 
II OTHER MATERIALS FROM LIBRARY--
•• A3-STEEL SIDING 
11 AR4-VERTICAL AIRSPACE 
1 * BB7-PLYWOOD 1/2 IN. 
11 BB9-SHEATHING REG DENSITY 1/2 IN. 
11 BB38-WOOD SUB FLOOR 3/4 IN. 
11 C8-CONCRETE BLOCK 8 IN. 
11 C13- 6 IN. HW CONCRETE 
1 * C021-CONCRETE-SAND AND GRAVEL 4 IN. 
11 FFl-FINISH FLOORING-CARPET FIBROUS PAD 
11 IN14-EXPANDED EXT POLYSTYRENE 2 IN. 
11 IN13-EXPANDED EXT POLYSTYRENE 1 IN. 
11 BB4- GYPSUM SA 1/2 IN. 
11 RF2-ROOFING ASPHALT ROLL 
11 RF3-ROOFING ASPHALT SHINGLES 
*1 SD9- 3/4 IN. BEVEL SIDING 
11 VN2 - VENETIAN BLINDS-MEDIUM-FOR SHADING 
11 VN25 - VENETIAN BLINDS - STRONG SHADING - HIGH REFLECTION 
•• 
•• 
TEMPORARY WALLS~ 
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II 
II 
CRWLWL1: (DIRT 12 IN, C8,IN13); 
INPART: (BB4,I2,BB4); 
PARTITION: (BB4,AR4,BB4); 
LOCALW: (SD9,BB9,I2,BB4); 
STANDW: (SD9,BB9,I1,BB4); 
ATTWAL: (SD9,BB9); 
WOOD: (WD3); 
GARWAL:(SD9,BB9); 
END; 
TEMPORARY ROOFSJ 
II 
II 
CRWLCEL: (FF1,BB38,I4); 
ROOFATT= (RF3,RF2,BB7); 
GARCEL: ( BB4) ; 
CEILUNA= (I3,BB4); 
END; 
TEMPORARY FLOORS% 
II 
II 
GARFLR: (DIRT 12 IN,C021,C13); 
CRWLFLR= (DIRT 12 IN); 
GARCEL1:(BB4), 
FLRCRWL: (I4,BB38,FF1); 
ATTFLR: (BB4,I3); 
END; 
TEMPORARY DOORS% 
II 
II 
DOOR1: (A3,INSULATION - EXPANDED EXT POLYSTYRENE R12 1 IN,A3); 
DOOR2: (B7); 
SKYLITE: (SKYLIGHT); 
END; 
TEMPORARY WINDOWS% 
WIND16:(W2); 
WIND30= (W1,VN2); 
WIND50= (W 1); 
END; 
•• 
•• 
11*CONTROLS11111CONTROLS**' 
TEMPORARY CONTROLS(LIVCONTROL)J 
PROFILESJ 
HEATANDCOOL:(1.0 AT 68.,0.0 AT 68.), 
SEMIH:(l. AT 64.,0. AT 64.), 
SETBACK:(1.0 AT 60.,0. AT 60.); 
SCHEDULES% 
MONDAY THRU SUNDAY:(07 TO 22-HEATANDCOOL,22 TO 06-
SETBACK,06 TO 07-SEMIH); 
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HOLIDAY:SUNDAY; 
END; 
TEMPORARY CONTROLS(BEDCONTROL)J 
PROFILESJ 
HEATANDCOOL:(1. AT 68.,0. AT 68.), 
SEMIH:(l. AT 64.,0. AT 64.), 
SETBACK:(l.O AT 60.,0. AT 60.); 
SCHEDULESJ 
MONDAY THRU SUNDAY:(07 TO 22-HEATANDCOOL,22 TO 06-
SETBACK,06 TO 07-SEMIH); 
HOLIDAY=SUNDAY; 
END; 
TEMPORARY LOCATION~ 
CHAMPAIGN:(LAT:40.00,LONG: 88.50,TZ= 6); 
END; 
PROJECT="LO-CAL HOUSE-BASE CASE 
LOCATION:CHANUTE ; 
** DESIGN DAYS= DTEST 
"• 
' 
WEATHER TAPE FROM 01 JAN THRU 01 APR; 
•• REPORT FILE FROM 16 JAN THRU 13 DEC; 
•• 
•• 
GROUND TEMPERATURES:(42.,44.,48.,54.,59.,63.,65.,63.,59.,54.,48.,44.); 
•• BUILDING DESCRIPTION SECTION 
•• 
BEGIN BUILDING DESCRIPTION; 
•• 
•• 
•• 
•• 
•• 
SOLAR DISTRIBUTION:1; 
DETACHED SHADING "EAST WING": 
STARTING AT (68, O, 0) FACING (270) 
((8,0),(8, 7),(0, 9.67)); 
••FOR SHADING IN MORNING: 
DETACHED SHADING "MIDDLE WINGA": 
STARTING AT (40, O, 0) FACING (270) 
((8,0),(8,7),(0,9.67)); 
••FOR SHADING IN AFTERNOON: 
DETACHED SHADING "MIDDLE WINGB": 
STARTING AT (40, -8, 0) FACING (90) 
((8,0),(8,9.67),(0,7)); 
DETACHED SHADING "SMALL WEST WING": 
•• 
STARTING AT (0, -2, 0) FACING (90) 
((2,0),(2,8.67),(0,8)); 
ZONE 1 "LIVINGROOM": 
ORIGIN: (40.,0,0); 
•• 
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•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
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EXTERIOR WALLS: 
STARTING AT { O, O, 0 ) 
FACING ( 180 ) 
STANDW( 28.0 BY 8.5) 
WITH WINDOWS OF TYPE 
WIND16(6.46 BY 8.00) 
AT ( 3,0) 
WITH WINDOWS OF TYPE 
WIND16 (6.46 BY 8.00) 
AT ( 13. 00, 0) 
WITH WINDOWS OF TYPE 
WIND16 (6.46 BY 8.00) 
AT (20.00,0) 
WITH OVERHANG ( 26.7 BY 2 ) 
AT { 0,9 ), 
STARTING AT ( 28.0, O, 0 ) 
FACING ( 90 ) 
LOCALW( 19 BY 8.5), 
STARTING AT { 28.0, 19, 0 ) 
FACING { 90 ) 
LOCALW( 15 BY 8.5), 
STARTING AT ( 28.0, 34, 0 ) 
FACING ( 0 ) 
LOCALW( 28.0 BY 8.5) 
WITH WINDOWS OF TYPE 
WIND50 ( 5.3 BY 4 ) 
AT ( 6,3) 
WITH WINDOWS OF TYPE 
WIND50 { 4 BY 4 ) 
AT ( 21.7,3.3), 
STARTING AT ( O, 34, 0 ) 
FACING ( 270 ) 
LOCALW( 6 BY 8.5); 
INTERZONE PARTITION: 
STARTING AT ( O, .28, 0 ) 
FACING ( 270 ) 
PARTITION(9 BY 8.5) 
ADJACENT TO ZONE ( 2 ), 
STARTING AT ( O, 13, 0 ) 
FACING ( 270 ) 
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PARTITION( 13 BY 8.5) 
ADJACENT TO ZONE ( 2 ); 
•• 
•• 
INTERZONE CEILING: 
•• 
STARTING AT ( O, O, 8.5 ) 
FACING ( 180 ) 
CEILUNA( 28.0 BY 34) 
ADJACENT TO ZONE ( 4 ); 
•• 
•• 
INTERZONE FLOOR: 
•• 
STARTING AT ( O, 34, 0 ) 
FACING ( 180 ) 
FLRCRWL( 28.0 BY 34) 
ADJACENT TO ZONE ( 5 ); 
PEOPLE = 1, RESIDENCE OCCUPANCY; 
LIGHTS = 1.5, RESIDENCE LIGHTING; 
ELECTRIC EQUIPMENT : .50, CONTINUOUS; 
INFILTRATION =33.7,CONTINUOUS; 
MIXING:50.,CONSTANT,FROM ZONE 2,0 DEL TEMP; 
MIXING:5.1,CONSTANT,FROM ZONE 4,0 DEL TEMP; 
MIXING:11.4,CONSTANT,FROM ZONE 5,0 DEL TEMP; 
INTERNAL MASS: PARTITION( 51 BY 8); 
INTERNAL MASS: WOOD(12.5 BY 8.5); 
CONTROLS = LIVCONTROL; 
•• REPORT VARIABLES:(24,25,26,27,28); 
END ZONE; 
•• 
•• 
•• 
•• 
ZONE 2 "BEDROOMS": 
•• 
•• 
•• 
•• 
ORIGIN: (0.,0.,0.); 
NORTH AXIS = 0.; 
EXTERIOR WALLS: 
STARTING AT ( 0., 28., 0. ) 
FACING ( 270. ) 
LOCALW( 28. BY 8), 
STARTING AT ( 40., 28., 0. ) 
FACING ( 0. ) 
LOCALW( 14. BY 8.) 
WITH DOORS OF TYPE 
DOOR1 ( 3. BY 6.67 ) 
AT ( 0.,0.) 
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•• 
; 
•• 
•• 
•• 
•• 
•• 
•• 
WITH WING ( 8.0 BY 4. ) 
AT ( 7.33,0. ) 
WITH WINDOWS OF TYPE 
WIND50 ( 2. BY 6.67 ) 
AT ( 3.5,0.), 
STARTING AT ( 0., O., O. ) 
FACING ( 180. ) 
STANDW( 40. BY 8.0) 
WITH WINDOWS OF TYPE 
WIND50 (6.33 BY 3.63) 
AT ( 2.,3.) 
WITH WINDOWS OF TYPE 
WIND50 (4.88 BY 3.63) 
AT ( 16.,3.) 
WITH WINDOWS OF TYPE 
WIND50(4.88 BY 3.63) 
AT (31. , 3.) 
WITH OVERHANG(40 BY 2) 
AT (0,8.0) 
WITH WING ( 8.9 BY 2. ) 
AT ( 0.,0. ), 
STARTING AT (2.0,28.0,0.0) 
FACING (0.) 
LOCALW(2.0 BY 8.0) 
INTERZONE PARTITION: 
STARTING AT (26.00, 28., 0. ) 
FACING ( 0. ) 
INPART(24.00 BY 8.0) 
ADJACENT TO ZONE ( 3 ), 
STARTING AT ( 40., 0., 0. ) 
FACING ( 90. ) 
PARTITION( 13. BY 9.0) 
ADJACENT TO ZONE ( 1 ), 
STARTING AT ( 40., 19., 0. ) 
FACING ( 90. ) 
PARTITION( 9. BY 8.) 
ADJACENT TO ZONE ( 1 ); 
INTERZONE CEILING: 
••• 
STARTING AT (40.,0.,8.) 
FACING(90.) 
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CEILUNA( 28. BY 40.) 
ADJACENT TO ZONE (4); 
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•• 
INTERZONE FLOOR: 
STARTING AT( 40.,28.,0.) 
FACING(270.) 
FLRCRWL(28 BY 40) 
ADJACENT TO ZONE (5); 
PEOPLE:1.0,RESIDENCE OCCUPANCY; 
LIGHTS:2.0,RESIDENCE LIGHTING; 
ELECTRIC EQUIPMENT= .50,CONTINUOUS; 
MIXING:50.,CONSTANT,FROM ZONE 1,0 DEL TEMP; 
INFILTRATION =37.3, CONSTANT; 
MIXING:5.6,CONSTANT,FROM ZONE 4,0 DEL TEMP; 
MIXING:12.6,CONSTANT,FROM ZONE 5,0 DEL TEMP; 
INTERNAL MASS: PARTITION(134.3 BY 8.0); 
INTERNAL MASS: WOOD(12.5 BY 8.5); 
CONTROLS= BEDCONTROL; 
•• REPORT VARIABLES:(24,25,26,27,28); 
END ZONE; 
•• 
•• 
•• 
ZONE 3 "GARAGE": 
** 
•• 
•• 
, 
•• 
•• 
•• 
•• 
•• 
ORIGIN: (0.,28.,0.); 
EXTERIOR WALLS: 
STARTING AT ( 26.00, 0., 0. ) 
FACING ( 90. ) 
GARWAL( 24.0 BY 9.0) 
WITH DOORS OF TYPE 
DOOR1 (3. BY 6.67) 
AT (0.,0.) 
STARTING AT ( 26.00, 24.0, 0. ) 
FACING ( 0. ) 
GARWAL( 24.00 BY 9.0) 
WITH DOORS OF TYPE 
DOOR2 ( 16.33 BY 7.0 ) 
AT (3.33,0.), 
STARTING AT ( 2., 24., 0. ) 
FACING ( 270. ) 
GARWAL( 24. BY 9.0); 
INTERZONE PARTITION: 
STARTING AT ( 2., 0., 0. ) 
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•• 
•• 
•• 
•• 
•• 
•• 
FACING ( 180. ) 
INPART( 24.00 BY 8.0) 
ADJACEllT TO ZONE ( 2 ) ; 
INTERZONE CEILING: 
STARTING AT ( 0., 0., 9.0 ) 
FACING ( 180. ) 
GARCEL( 24.00 BY 24.0) 
ADJACENT TO ZONE ( 4 ); 
SLAB ON GRADE FLOOR: 
STARTING AT ( 0., 26., 0. ) 
FACING ( 180. ) 
GARFLR( 24.00 BY 24.); 
INFILTRATION= 140., CONSTANT; 
END ZONE; 
ZONE 4 "ATTIC": 
ORIGIN: (0,0,8); 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
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EXTERIOR WALLS: 
STARTING AT ( O, 28, 0 ) 
FACING ( 270 ) 
ATTWAL((30,0) , (15,5)), 
STARTING AT ( 68.0, -2, 1 ) 
FACING ( 90 ) 
ATTWAL((22,0) , (19,7.3)), 
STARTING AT ( 68.0, 22, 0 ) 
FACING ( 90 ) 
ATTWAL((14,0) , (0,5)), 
STARTING AT (28.0,52.0,0.) 
FACING (0) 
ATTWAL(26 BY 2.3); 
INTERZONE FLOOR: 
STARTING AT ( O, 28.0, 0 ) 
FACING ( 180 ) 
ATTFLR( 40 BY 28.0) 
ADJACENT TO ZONE ( 2 ), 
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•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
•• 
STARTING AT ( 40, 34, 0 ) 
FACING ( 180 ) 
ATTFLR( 28.0 BY 34) 
ADJACENT TO ZONE ( 1 ), 
STARTING AT ( 2, 52, 0 ) 
FACING ( 180 ) 
ROOF: 
GARCEL1( 24.0 BY 24) 
ADJACENT TO ZONE ( 3 ); 
STARTING AT { O, -2, 0 ) 
FACING ( 180 ) 
TILTED ( 18.4 ) 
ROOFATT( 40 BY 15.8), 
STARTING AT ( 40, -2, 1 ) 
FACING ( 180 ) 
TILTED ( 18.4 ) 
ROOFATT( 28 BY 23), 
STARTING AT ( 40, 28, 0 ) 
FACING ( 0 ) 
TILTED ( 18.4 ) 
ROOFATT( 40 BY 15.8), 
STARTING AT ( 68, 34, 0 ) 
FACING ( 0 ) 
TILTED ( 18.4 ) 
ROOFATT( 28 BY 15.8), 
STARTING AT ( 2, 52, 0 ) 
FACING ( 270 } 
TILTED ( 18.4 } 
ROOFATT( 24 BY 12.65), 
STARTING AT { 26, 28, 0 ) 
FACING ( 90 ) 
TILTED { 18.4 ) 
ROOFATT( 24 BY 12.65); 
INFILTRATION = 365, CONSTANT; 
MIXING:5.1,CONSTANT,FROM ZONE 5,0 DEL TEMP; 
MIXING~8.3,CONSTANT,FROM ZONE 1,0 DEL TEMP; 
MIXING:9.1,CONSTANT,FROM ZONE 2,0 DEL TEMP; 
END ZONE; 
•• 
•• 
•• 
ZONE 5 "CRAWL": 
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ORIGIN: (0.,0.,-3.33); 
•• 
•• 
BASEMENT WALL: 
•• 
STARTING AT ( 0., 0., 0. ) 
FACING ( 180. ) 
CRWLWL1( 68.0 BY 3.33), 
•• 
STARTING AT ( 68.0, 0., 0. ) 
FACING.( 90. ) 
CRWLWL1( 34. BY 3.33), 
•• 
STARTING AT ( 68.0, 34.0, o. ) 
FACING ( 0. ) 
CRWLWL1( 28.0 BY 3-33), 
•• 
STARTING AT ( 40., 34., 0. ) 
FACING ( 270. ) 
CRWLWL1( 6.0 BY 3-33), 
•• 
STARTING AT ( 40., 28., 0. ) 
FACING ( 0. ) 
CRWLWL1( 40. BY 3.33), 
•• 
STARTING AT ( O., 28., o. ) 
FACING ( 270. ) 
CRWLWL 1 ( 28. BY 3.33); 
•• 
•• 
SLAB ON GRADE FLOOR: 
•• 
STARTING AT ( 0., o., o. ) 
FACING ( 90. ) 
CRWLFLR( 28.0 BY 40.), 
•• 
STARTING AT ( 40., o., o. ) 
FACING ( 90. ) 
CRWLFLR( 34. BY 28.0); 
•• 
•• 
INTERZONE CEILING: 
•• 
STARTING AT ( 0., 28., o. ) 
FACING ( 270. ) 
CRWLCEL( 28. BY 40.) 
ADJACENT TO ZONE ( 2 ) ' 
•• 
STARTING AT ( 40., 34., o. ) 
FACING ( 270. ) 
CRWLCEL( 34. BY 28.0) 
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ADJACENT TO ZONE ( 1 ); 
INFILTRATION = 46.8, CONSTANT; 
HIXING:4.3,CONSTANT,FROH ZONE 4,0 DEL TEMP; 
HIXING:4.9,CONSTANT,FROM ZONE 1,0 DEL TEMP; 
MIXING:5.3,CONSTANT,FROH ZONE 2,0 DEL TEMP; 
END ZONE; 
END BUILDING DESCRIPTION; 
•• 
END INPUT; 
Research Report 86-1 Page 51 
~ > I» ~ 
(J1 ~ N ~ 
WEDNESDAY tD 
UNIVERSITY CF I LLI NCI S WEEK 1 1 
= 18 MARCH 1183 Q. LOCAL HOUSE f1CN I TOR I NG PROJECT 
><· 
CHAMPAIGN ILLINOIS GJ 
•• LIVING AREA CONDITIONS ~ I 10J ( 11) 112) ( 13) ( 14) (1~) ( 16) 117) (9) (33) (24) MEAN INT FURN LIV LIV I<TCH ENTR BEDR CLST GARG UTIL RAD WALL CLST DEW .... 
HR F F rr F F F F F F F F HR n ~ 
...... 1 66o~ 67o~ 63o3 67o6 67 o ~ ~1 01 66o6 66o7 68o3 72o2 10o3 1 en 2 6!5 o0 G6o6 63 o0 67 0 1 67o0 ~Oo 1 66o3 65o8 67 o ~ 110 1 8o9 2 
3 63o4 6~o8 62o!5 66o4 66 o4 49 01 66o0 64 0 8 66o2 69o~ 8o8 3 tD 4 62 o2 64o9 62o0 66o0 66 o0 48o 1 65o5 63o8 65 o2 68o 1 8.0 4 
= ~ 61.3 64. 1 61.6 65 o5 65o6 47 0 5 6~. 1 630 1 64o6 67.3 1.1 ~ til 
8 60 . 8 63.8 61. I 6600 6!5.4 46o9 6!5.4 63 . 6 64o0 66.8 8.0 6 0 
7 64.9 68 . 8 61.2 71 0 1 69 . 6 46.4 69.9 71.8 66.!5 74.9 1!5.!5 1 ~ 
8 67.0 70.3 62.0 69.0 70 . 3 44 . !5 69o8 70.1 67.9 77.!5 12.8 8 0 
9 66.7 68.7 62.2 68.!5 69.4 44.4 68.4 68.3 67.9 7!5.8 11. 1 9 ~ 10 f;6.9 68.' 62. 1 68.4 69.0 4!5.9 67 . 7 68.9 67.8 74o9 12.7 10 ......... 
11 67.9 68.!5 62 . 2 68o8 69.0 47.3 67 . 6 70.9 67.9 74.8 14.2 11 ~ 
12 69 . 8 69.8 62.6 69 . 4 69 . 4 50 . 1 68.2 73.0 68.9 7!5.7 1~.6 12 n 13 71.4 71.1 63 . 1 70.2 70.6 !5~.9 69 . 3 7~.0 10. I 11.1 17.2 13 0 14 72.9 72. 1 63.7 71. 1 71.6 '57.1 70o3 76 . 1 71.2 77.9 18.7 14 
...... 1~ 73 . 6 72.6 64.4 71.8 72 . 1 !58o6 70o8 76.3 72. 1 78.4 17.9 1~ ...... 
16 73.7 72.7 64.9 72o 1 72.3 !58.3 70 . 9 1'5.4 72.4 78.4 17.~ 16 tD 
n 
17 72o9 72.4 6~ . 2 72.2 72.2 '58.4 70.9 73.9 72.2 78 . 4 1~. 1 17 ......... 
I 8 71 . 8 71 . 9 6!5.!5 71.9 71.9 !57 . 6 70.8 72.6 71.6 77.~ 14.8 18 tD 
19 70 . 4 71.3 6'5. 1 71.4 71.3 '5!5.9 70 . 3 71.8 70 . 7 76. 1 14.3 19 Q. 
20 69oi,j 71. 1 6!5. 1 70.9 70.9 '56.3 69.7 71. !5 69.9 7~. 1 13.4 20 
21 68 . 7 70 . 6 6~.0 70 . 3 70.3 5~.7 69.3 70.8 69.4 74.7 12.6 21 
22 67 . 8 70.0 64 . 8 69.8 69o7 !54.7 68.7 69 . 7 68 . 8 73.2 11 .7 22 
23 66 . 4 69 o 1 64 . ~ 69o3 69o3 '53o6 68o2 68.~ 68.2 710 8 11.7 23 
24 6!5 o3 68. 1 64 . 1 68.8 68 . 8 '52.'5 67.7 67.4 67.6 70.1 11. 1 24 
~ MEAN tNT FURN LIV ~- LIV I<TCH ENTR BEDR CLST GARG UTIL RAD WALL CLST DEW ~ 
~- HI 73 o7 72.7 6!5.!5 72.2 72 . 3 ~8o6 70 o9 76.3 72 o4 78.4 18o7 HI ~ LOW 60o8 63.8 61.1 6!5. !5 6!5 o4 44 o4 6!5 . 1 63. 1 64.0 66.8 1.1 LOW 
=:! AVG 67o8 69. 1 63 . 4 69 . 3 69.4 ~1. 9 68.!5 70,0 68.8 74.1 12.9 AVO ~-
r;;· 
~ 830318 
0 1 CF ~ 
~ 
~ 
HR 
1 
2 
3 
4 
5 
8 
7 
8 
9 
10 
11 
12 
13 
14 
15 
. 16 
17 
18 
19 
20 
21 
22 
~~ 
TTL 
" HI 
LOW 
AVO 
(:J6) 
OUT 
AMB 
F 
42.9 
42.3 
40.9 
39.0 
38 . 8 
38.7 
37.9 
39.0 
42.0 
46, 1 
50 . 9 
54.9 
58 . 4 
~9.6 
60.6 
61.0 
~9.8 
~7. 1 
~4. 1 
51.9 
49 . 3 
47 . 3 
46. 1 
44.2 
OUT 
AMB 
61.0 
37.9 
48.5 
(52) 
WINO 
SPO 
MPH 
7.9 
7.0 
8.6 
7.5 
9.9 
12.6 
10.5 
11.6 
10.9 
9.7 
8.3 
8.5 
10.5 
11.9 
12.0 
11.9 
10.7 
8.7 
8.2 
10.3 
7.~ 
8 . 0 
9 . 3 
10.3 
WINO 
SPO 
12.6 
7.0 
s .. 7 
WEATHER 
(0) 
WINO 
DIR 
DEO 
(21) 
OUT 
DEW 
F 
38. -7.7 
34. -a. 4 
26. -9.7 
36 . -10. 6 
51. -11.5 
41. -10.7 
83. -11. 1 
73. -10.0 
82. 
37. 
44. 
30 . 
43. 
89. 
1~. 
32. 
50. 
~6. 
44. 
~0. 
30 . 
e. 
67. 
49. 
WIND 
DIR 
-7.0 
-3 . 7 
-.2 
2.5 
4.2 
~ . 4 
6 . 4 
6 ; 8 
5.6 
2.9 
-. 1 
-1.4 
- :l. 1 
-5 . 1 
-~.8 
-6.4 
OUT 
DEW 
7. 
·11. 5 
-3.3 
(51) 
BARA 
PRES 
INHO 
30.1 
30 ; 1 
30.1 
30.1 
30 . 1 
:JO . 1 
:JO . 1 
30.0 
:J0.1 
30.0 
30. 1 
:Ja. 1 
30.1 
30. 1 
30.1 
30. 1 
30.1 
30. 1 
30 . 1 
30. 1 
30. 1 
3a. 1 
30.1 
30.1 
BARA 
PRES 
30. 
30.0 
30.1 
(53) 
HORZ 
INSO 
0. 
0. 
a . 
o. 
o. 
o. 
12. 
61. 
127. 
181. 
220. 
232. 
242. 
22~. 
165. 
133. 
57. 
18. 
o. 
0. 
o. 
0 . 
o. 
o. 
HORZ 
INSO 
1694. 
242. 
WEDNESDAY 
WEEK 11 UNIVERSITY OF ILLINOIS 
LOCAL HOUSE MONITORING PROJECT 
CHAMPAIGN ILLINOIS 
16 MARCH 1983 
(54) 
BE: OR 
INSO 
SOLAR 
(29) 
LIVR 
INSO 
(66) 
DIFF 
INSO 
BTU/HR FT•2 
(67) 
PYRG 
o .••••••••••••••• 
o . ••••••••••••••• 
o .••••••••••••••• 
o .••••••••••••••• 
o .••••••••••••••• 
a. ••••• ••••• ••••• 
3 .••••••••••••••• 
17 •••••••••••••••• 
5~ .••••••••••••••• 
89 .••••••••••••••• 
113 .••••••••••••••• 
120 .••••••••••••••• 
124 .••••••••••••••• 
114 .••••••••••••••• 
93 .••••••••••••••• 
~9 .••••••••••••••• 
19 .••••••••••••••• 
3 .••••••••••••••• 
D. ••••• ***** ***** 
D. ••••* ••••• ***** 
D. ••••• ••••• ***** 0 .••••••••••••••• 
a. ••••• ••••• ••••• 
0 .••••••••••••••• 
BEDR 
I N:>O 
LIVR 
INSO 
DIFF 
INSO 
PYRG 
810 .••••••••••••••• 
124 .••••••••••••••• 
(65) (70) 
TRANS AMB 
INSO MID 
F 
GREENHOUSE 
(73) 
At1B 
UP 
F 
(72) 
MEAN 
RAO 
F 
(74) 
UP 
WIN 
F 
• •••••••••••••••••••••••• 
••••••••••••••••••••••••• 
• •••••••••••••••••••••••• 
• •••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
••••••••••••••••••••••••• 
TRANS AMB 
INSO MID 
AMB 
UP 
M~AN 
RAD 
UP 
WIN 
• •••• 
••••••••••••••••••••••••• 
•••••••••••••••••••• 
•••••••••••••••••••• 
(69) 
SHL 
GRND 
F 
42.4 
41.5 
40.6 
39.8 
39.2 
38.5 
37.9 
38.0 
39.4 
41.3 
44.2 
48.0 
51.4 
54.2 
56.2 
57.5 
57.7 
55.8 
53.4 
51.4 
49.6 
48.0 
46.7 
45.6 
SHI.. 
GRND 
:57.7 
37.9 
46.6 
( 71) 
DEEP 
GRND 
F 
47. 1 
47.3 
47.5 
47.5 
47.8 
47.8 
47.8 
47.8 
47 . 8 
47.8 
47.8 
47.8 
47.8 
47.8 
47.8 
47 . 8 
47.8 
47.8 
47.9 
48.2 
48.2 
48.6 
48.6 
48.9 
DEEP 
GRND 
48.1 
47.1 
47.1 
HR 
1 
2 
3 
4 
:5 
6 
7 
a 
I 
1a 
1 1 
12 
13 
14 
1:5 
16 
17 
18 
19 
20 
21 
22 
23 
24 
TTL 
HI 
LOW 
AVO 
830316 
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HR 
1 
2 
3 
4 
!5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
1~ 
16 
17 
I 8 
I 9 
20 
21 
2~ 
2\) 
24 
TTL 
HI 
LOW 
AVO 
(1) 
INT 
F 
6~.9 
6~. I 
64 . 2 
63.4 
62 . 6 
62 . 2 
65 . 8 
68 . 2 
66.7 
66 . 2 
66 . 7 
68 . 2 
69.7 
71 . 2 
72 . 0 
72. 1 
71.8 
71.2 
70 . ~ 
69 . 9 
G9.:J 
68.~ 
67.6 
66 . 8 
NORTH WALL 
(2) 
EXT 
F 
~:J.4 
52 . 3 
~1 . 4 
~0.2 
49 . 3 
48 . 7 
49 . 2 
51 . 3 
52.7 
54 . 4 
56 . 6 
59 . 2 
61.8 
63.9 
65.2 
65 . 6 
65 . 5 
64.4 
62 . 3 
60 . 3 
58.8 
57 . 2 
55 . 9 
54 . 8 
(56) 
H F 
BTU/H 
I. 0 
1. 0 
I . 1 
1 . 1 
1.1 
1 . 3 
2 . 1 
1. 6 
I. 3 
1 . 2 
1 . I 
1.1 
1.1 
1.0 
. 8 
. 7 
.6 
. 6 
.7 
.8 
.9 
.9 
1 . 0 
1 ' 0 
NORTH WALL 
INT EXT H F 
72. I 
62 . 2 
67 . 8 
65 . 6 
48 . 7 
~6.8 
24.8 
2 . I 
. 6 
I . 0 
(3) 
INT 
F 
65 . I 
64 . 0 
63. 1 
62 . 1 
61.3 
60.5 
62 . 6 
65 . 9 
66 . 3 
67. 1 
68 . 6 
70 . 5 
71 . 7 
72 . 5 
73 . 0 
73 . 0 
72 . 6 
71 . 9 
70.9 
69 . 8 
69 . 1 
68 . 4 
67 . 3 
66.0 
INT 
7:J . O 
60 . ~ 
67.6 
EAST WALL 
(4) 
EXT 
F 
56 . 3 
5~ . 3 
54.3 
53.2 
52 . 1 
50.5 
50 . 6 
54 . 1 
61 . 0 
67 . 1 
71 ' 4 
73 . 0 
71.7 
70 . 4 
69 . 7 
69.3 
68 . 5 
67 . 4 
65 . 6 
63 . 9 
62 . 4 
61 . 0 
59 . 2 
58 . 1 
<:57) 
H F 
BTU/H 
.8 
,8 
• 8 
.8 
.8 
.9 
1.7 
1. 2 
.3 
-. 1 
- . 7 
- '4 
. 1 
. 5 
.6 
.5 
.4 
. 4 
.5 
.6 
.7 
. 7 
.7 
.7 
EAST WALL 
EXT H F 
13.3 
73 . 0 1. 7 
50 . 5 - . 7 
61 . 9 . 6 
UNIVERSITY OF ILLINOIS 
LOCAL HOUSE MONITORING PROJECT 
CHAMPAIGN ILLINOIS 
SURFACE TEMPERATURE AND HEAT FLOW 
SOUTH WALL 
(5) 
INT 
F 
66.4 
65 . 8 
65 . 2 
64 . 5 
64.0 
63 . 6 
67 , 1 
68 . 7 
(6) 
EXT 
F 
49 . 4 
47.2 
413.4 
45 . 3 
4•1 . 4 
44 . 2 
44 . 0 
46.9 
67 . 3 51.6 
68. 1 6!L 5 
71.2 91 . 1 
75.0 101 . 8 
77' 5 1 0!5. 7 
78,9 lOG . 1 
79 . 2 1 0•1 . 5 
77 . 9 97 . 7 
75 . 3 
72.3 
69 . 5 
68 . 0 
68.4 
68 . 0 
67 . 6 
67 . 1 
85 . 7 
72 . 8 
6 :1 ' 7 
::S9 . 0 
5!5 . 3 
52 . 6 
51 ' 3 
50 . 3 
(58) 
H F 
BTU/H 
2 . 2 
2 . 2 
2.2 
2 . 3 
2.3 
2 . 4 
3.1 
2.7 
2.1 
. 5 
-2 . 3 
- 5 . 0 
-6.5 
-6.3 
-5.5 
-3 . 3 
-.8 
.6 
3 . 6 
2 . 5 
I . 6 
1 ' 7 
1 '9 
2.0 
SOUTH WALL 
INT EXT H F 
6 . 1 
79. 2 I Oil . I 3 . 6 
6 3 . 6 4 ·~ . 0 - 6 • 5 
69 . 9 61.i , I . 3 
(7) 
JNT 
F 
66.3 
65 . 8 
65.2 
64.5 
64,1 
63.9 
68.3 
70 . 1 
68 . 2 
67 . 6 
68 . 0 
68.8 
70 . 2 
71.7 
72 . 5 
72 . 9 
72.3 
71.5 
70 . 7 
70.() 
69 . 3 
68.7 
68 . 2 
67 . 6 
INT 
72 . 9 
63 . 9 
68 . 6 
WEST WALL 
(8) 
EXT 
F 
46 . 6 
45.5 
44 . 6 
43 . 5 
42.4 
42 . I 
42.1 
43.3 
46.3 
50.3 
54 . 4 
57.6 
60.4 
66 . 9 
74 . 2 
75.7 
67.4 
62 . 7 
58.7 
55.9 
53 . 6 
51 . 7 
50 . 2 
48.9 
(59) 
H F 
BTU/H 
.8 
.8 
.8 
.8 
. 9 
1.1 
1.8 
1. 3 
1.1 
1. 0 
.9 
• 8 
.8 
. 7 
-. 1 
o.o 
.1 
.3 
. 4 
.4 
.5 
.7 
. 7 
.8 
WEST WALL 
EXT H F 
17.1 
75 . 7 1 . 8 
42 . 1 - , I 
53 , 5 . 7 
LR WINDOW 
(46) (27) (47) 
INT EXT H F 
F 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
•••••••••• 
BTU/H 
8 . 6 
8 . 4, 
8.4 
8 . 6 
8.8 
11.7 
17 . 0 
8 . 7 
6 . 8 
4.9 
2.1 
. 6 
1.2 
1.5 
1. 6 
1 . 1 
1. 2 
3 . 7 
5.9 
7.2 
7.9 
7.9 
7 . 8 
7.9 
LR WINDOW 
INT EXT H F 
148 . 7 
••••• ••••• 17 . 0 
••••• ••••• .6 
••••• ••••• 6 . 2 
WEDNESDAY 
WEEK 11 
16 MARCH 1983 
BR WINDOW 
( 80) (61) 
( 37) ( 38) FLOOR C I EL 
INT EXT H F H F 
F 
67.1 
66.6 
66.0 
65.4 
64 . 9 
65.2 
70 . 3 
70.2 
69.4 
70.7 
72 . 6 
74 . 3 
75 . 9 
76 . 9 
77 . 2 
76.4 
74 . 8 
73 . 4 
72.0 
71 . 4 
70.7 
70 . 0 
69 . 3 
68 . 6 
F 
46.0 
45.5 
44.3 
43.0 
42 . 4 
41.9 
42 . 5 
45.5 
51.5 
58.8 
66.6 
69.7 
72. 1 
72 . 5 
72 . 8 
71.2 
66 . 3 
60.8 
56.6 
54.3 
52 . 2 
50.5 
49.3 
47.8 
BR WINDOW 
INT EXT 
77.2 
64 . 9 
70 . 8 
72.8 
4 I . 9 
55 . 2 
BTU/H BTU/H 
.2 
.2 
.2 
.2 
.2 
.2 
.1 
..1 
.1 
.2 
.2 
• 1 
• 1 
.1 
.1 
.1 
• 1 
.1 
. 2 
.2 
.2 
. 2 
. 2 
.2 
.4 
.4 
. 4 
.4 
.4 
.7 
2.1 
1.4 
1.0 
1.2 
.7 
-1.4 
-1.2 
-1.0 
-.7 
-. 3 
-. I 
.1 
.1 
.3 
. 3 
. 3 
.2 
. 3 
FLOOR CEIL 
H F H F 
3 . 8 6 . 0 
. 2 2. I 
• I -1.4 
. 2 . 3 
830316 
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HR 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 I 
12 
13 
14 
15 
16 
17 
18 
19 
20 
~1 
22 
23 
24 
TTL 
HI 
LOW 
AVO 
~ WEDNESDAY a UNIVERSITY OF ILLINOIS WEEKI 1 g. 
16 MARCH 1983 ~ LOCAL HOUSE MONITORING PROJECT 
~ 
;::!. CHAMPAIGN ll.LI NOI S 
co 
~ 
..... 
FURNACE HEATING SVSTEH EXHAUST 
(78) (79) CSOl (64) (39) (4~) (44) ( 18) ( 19) (20) (63) (62) (:5:5) (7!5) (76) C77l FURN FURN GAS STAK STAK BEG BEG END EAST WEST TOT AC OHW HB MB DRIER FAN BURN FLOW FLOW TEMP WEST EAST EAST RTRN RTRN ELEC ELEC GAS FAN FAN 
HR MIN MIN CFH CHF F F F F F F KW KW CFH HI N·. MIN MIN 
1 0 . 0 0 . 0 0.0 190. 86 . 1 ••••• :59 . 5 sa . 6 66.2 6!5.!5 .!5 0.0 0 . 0 o.o 0.0 0.0 1 2 0 . 0 0.0 0.0 188. 84 . 7 ••••• 59.0 57.7 6!5.0 64 . 9 .4 0.0 .2 0.0 0.0 0.0 2 3 0.0 0.0 .6 183. 82.0 ••••• 59.0 57,4 63 . 9 64.9 .4 0 . 0 0 . 0 0 . 0 0 . 0 0.0 3 
4 0.0 0.0 0.0 182 . 80 . 6 ••••• 59.0 57 . 2 63.0 64.9 .4 0.0 . 1 0 . 0 0.0 0.0 4 
:5 0 . 0 0 . 0 .3 177. 79.0 ••••• !58 . 7 !57 . 0 62.2 64.7 . !5 0 . 0 .1 0.0 0 . 0 0.0 !5 G 24 . 3 18.4 8.!5 216 . 136 . 3 ••••• 81 . 9 76 . 7 64 . 1 67.9 .7 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 6 7 60 . 2 4:5 . 6 20 . :5 282. 208.0 ••••• 131 . 4 122 . 4 74.2 78.0 .8 0 . 0 1.7 0.0 3.6 0.0 7 8 7 . 3 0 . 0 . 3 199. 118.4 ••••• 76 . !5 78.!5 70 . 3 73 . 7 .!5 0 . 0 4.!5 0.0 11 . 8 0.0 8 
9 0.0 0.0 . 3 188 . 90.8 ••••• 61.9 63 . 4 66 . 4 70 . 6 .3 0.0 0 . 0 0.0 0 . 0 0 . 0 9 10 0 . 0 0 . 0 0.0 193. 90.4 ••••• :57 . 8 60.8 6!5.6 70 . 3 0 . 0 0 . 0 . 2 0 . 0 0 . 0 0.0 10 1, 0.0 0 . 0 0.0 195 . 90 . 3 ••••• 56 . 6 60.2 67.4 72 . 8 0.0 0.0 0.0 0.0 0.0 0 . 0 11 12 0.0 0.0 0.0 200. 93 . 5 ••••• 56 . 3 60 . 0 72 . 1 77. 1 .2 o.o .2 0.0 0 . 0 0.0 12 
13 0 . 0 0.0 0 . 0 210. 11 !5. 9 ••••• !56.:5 60 . 1 76 . 2 80.9 .!5 0 . 0 4.7 0.0 0.0 0.0 13 14 0 . 0 0 . 0 0 . 0 203 . 92.0 ••••• ~6.!5 !59 . 8 78.4 82 . 5 .1 0.0 .2 0 . 0 0.0 0 . 0 14 1:5 0 . 0 0.0 .3 202 . 92.1 4 ••••• 56 . 3 59.8 79.7 83 . 2 .4 0.0 0 . 0 0 . 0 0.0 0 . 0 1!5 16 0 . 0 0.0 0 . 0 203. 92 . 2 ••••• 56.1 GO. 1 '19. !5 82 . 9 .3 0.0 .2 0.0 0.0 0 . 0 16 
17 0 . 0 0 . 0 . ·3 202. 91.8 ••••• ~5.9 60 . 3 78 . 0 81. 1 .4 0.0 0 . 0 0.0 0.0 0.0 17 18 0 . 0 0.0 0.0 201. 89.8 ••••• 55 . 9 60 . 4 75.!5 78 . 4 .4 0.0 .2 0.0 0 . 0 0.0 18 19 0.0 0.0 0.0 201 . 88.3 ••••• 55.9 60 . I 72. 1 7!5.4 .7 0 . 0 0 . 0 0 . 0 0.0 0.0 19 20 o.o 0.0 .3 199. 94 . 9 ••••• !5!5.9 60 . 1 68.7 72.8 .8 0.0 1.7 0.0 0.0 0.0 20 
21 0 . ') 0 . 0 0.0 194 . 88 . 1 .,. ... 55 . 9 59 . 8 66.9 71.1 .7 0.0 .2 0 . 0 0 . 0 0 . 0 21 ~2 0 . 0 0 . 0 . 3 190 . 85 . 9 ••••• 57 . 2 58.6 67 . 4 69.4 . 6 0 . 0 0 . 0 0.0 0 . 0 0.0 22 i~ 0.0 0.0 ' . !5 190. 83.9 ••••• 59.7 58 . 2 67.6 68 . 6 .4 0.0 .2 0 . 0 0.0 0.0 23 0 . 0 0.0 o,o 187 . 82 . 8 ••••• GO.O !58 . 3 66.6 68 . 0 . 4 0.0 0.0 0.0 0.0 0 . 0 24 
FURN FURN GAS STAK STAK BEG BEG END EAST WEST TOT AC OHW HB MB DRIER FAN BURN FLOW FLOW TEMP WEST EAST EAST RTRN RTRN ELEC ELEC GAS FAN FAN 
TTL 91.8 64 . 0 31 . 9 10 . 0 0.0 14 . 6 0 . 0 1!5 . 4 0 . 0 TTL HI 60.2 4!5.6 20 . 5 282. 208 . 0 ••••• 131.4 122.4 79 . 7 83.2 .8 0 . 0 4.7 0 . 0 11.8 0.0 HI LOW 79 . 0 ••••• ~5 . 9 ~7 . 0 62.2 64.7 L0\-1 AVO 97.4 ••••• 62.5 6~ . 6 69.9 72.9 AVO 
830316 
4 OF !5 
;? 
~ 
~ 
~ 
I» 
~ 
~ 
WEDNESDAY 
UNIVERSITY OF ILLINOIS WEEK11 
16 t11\RCH 1983 
LOCAL HOUSE MONITORING PROJECT 
CHAMPAIGN ILLINOIS 
CRAWL SPACE ATTIC 
WALL 
INTERNAL EXTERNAL (26) (2~) TEMPERATURES 
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Appendix H: Development of a Mechanistic Model 
There are many deterministic models which can be used 
to predict energy use is buildings. They range from 
simple steady-state heat flow balance to sophisticated 
hourly computer simulations utilizing transient heat 
transfer calculations. 
There are also sophisticated computer models which 
take a physical description of the building; wall and 
window properties, internal gains, etc. and combine 
them with hourly weather data for up to a full year. 
Conduction transfer functions are used to model the 
transient response of the building to weather condi-
tions. The BLAST and OOE 2.1 computer programs are 
two examples of this type. These models are very use-
ful in the design process. Comparison of alternatives 
can be achieved quickly and accurately; however, it is 
difficult to isolate the effects of individual building 
parameters. 
Another approach is to use purely statistical models 
which relate the measured performance to measured 
input variables. This approach results in an extremely 
situation-specific model which cannot provide any in-
formation about the performance of individual com-
ponents or even groups of components. The weighting 
factor models which were used to generate the ASH-
RAE CLTD' s are an example of this type of model. 
A third approach, which is widely used in Europe 
and is being incorporated into building diagnostic 
studies in this country, is based on what can be called a 
mechanistic model. It consists of simple resistance and 
capacitance components put together in such a way as 
to represent the basic physics of the building response 
process. The values of the resistances and capacitances 
can be determined from experimental data. Then it 
would be run in real time to generate a predicted build-
ing performance to compare with the actual perfor-
mance. Since the model incorporates the physics of the 
building, it is possible to relate deviations to specific 
problem areas in the building. 
The circuit model can be used to separate a few of the 
major heat transfer paths in a residential building but 
yet it is not too simple, and can be useful for many build-
ing types. 
In this study, an attempt is made to find a thermal cir-
cuit model which best fits the physical characteristics of 
the house as well as the monitored data. A large sample 
size was obtained from the continuous monitoring of 
the house for a long period of time with various weather 
conditions. The response of the building to a variety of 
weather conditions was used to estimate the major heat 
transfer parameters of the building. Because of the large 
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amount of available data, it was also possible to study 
the effect of weather conditions on the building perfor-
mance. 
Building Envelope Performance 
The thermal circuit model which describes the Lo-Cal 
House envelope was developed from a combination of 
theoretical and experimental methods. The final model 
chosen to represent the building is shown in Figure H-
1. The heavily insulated building envelope was repre-
sented by four resistances, three in series and one 
bypass resistance in parallel with the other three. The 
three resistances R1, R2, and R3, represent the heat flow 
path which acts through the massive elements of the ex-
terior walls and ceiling. This thermal mass is repre-
sented by the two capacitances, CEo and Cm. The 
bypass resistance represents the heat flow path which 
has a nearly instantaneous response, such as through 
windows or infiltration. The interior thermal mass is 
represented by another capacitance~ CM, which is con-
nected to the interior ambient air by the resistance, RM. 
Some of the thermal parameters could not be es-
timated by comparing the model output to monitored 
data. These parameters were calculated using theoreti-
cal data and physical properties. Only the three resistan-
ces, R1, R2, and R3, could be estimated simultaneously 
by the model. The results from this part of the analysis 
are: 
R1 = .0011 F-hr /BTU 
R2 = .0025 F-hr /BTU 
R3 = .00043 F-hr /BTU 
RB = .0137 F-hr /BTU 
RM = .00007 F-hr /BTU 
CEo= 2500 BTU/F 
Cm= 3500 BTU /F 
CM = 5700 BTU /F 
A combination of the four envelope resistances gives a 
total envelope resistance of .0031 F-hr/BTU. This cor-
responds to an average envelope conductance of .087 
BTU/hr-ft.2-F. This is very low compared to a similar 
building built with standard light-frame design features 
and construction methods. Most current residential 
light-frame houses are built with R-11 insulation in the 
walls, R-19 insulation in the ceiling, and double-glazed 
windows. With an infiltration rate of 1 air change per 
hour, this would correspond to an average conductance 
of .18 BTU/hr-ft.2-F for a building with dimensions 
similar to the Lo-Cal House. The heat loss for the Lo-Cal 
House is less than half of that of a standard design build-
ing. 
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Figure H-1. Complete Thermal Circuit Model for Lo-Cal House 
T0 = outside temperature 
Ts = sol-air temperature acting on outside walls 
Teo = temperature of building outer envelope 
• Building exterior 
wall solar radiation 
absorption was less 
than the assumed 
values. 
r., = temperature of building Inner envelope 
T, = Indoor ambient air temperature 
Tm = temperature of Interior thermal mass An analysis of the same 
thermal circuit model 
using transmitted verti-
cal solar insolation data 
from a pyranometer lo-
cated inside gave similar 
results. In that case, the 
actual solar input was 
R1, R a R 3 = building envelope resistances 
Rm = resistance between Indoor air and Interior thermal mass 
Ceo = thermal capacitance of building outer envelope 
c., = thermal capacitance of building Inner envelope 
Cm = capacitance of Interior thermal mass 
a. = electrical power and occupant heat Input 
1 
t = transmitted solar Insolation 
Solar Gain 
K = solar gain factor 
Er = average furnace efficiency 
a, = furnace fuel input 
The second part of the study attempted to model the 
solar gain of the house using theoretical calculations 
and the total horizontal solar insolation data. However, 
the actual solar input to the house was only 39% of the 
predicted values. This major discrepancy was substan-
tiated by an independent study on the same house. 
Some reasons for this discrepancy may include: 
• The effect of the venetian blinds on the south living 
room windows was not accurately taken into ac-
count. 
• Re-radiation of transmitted wolar insolation back 
to the outside was greater than expected. 
• Window thermal and optical properties were dif-
ferent than assumed. 
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44% of the predicted 
solar input. 
It is recommended 
that this problem should 
be a focus of future re-
search on the Lo-Cal House or similar low-energy, pas-
sive-solar houses. The reason for the extreme over-
prediction of the solar input should be identified and 
either the calculation method should be changed or the 
house features should be modified to capture more of 
available solar energy. 
Furnace Efficiency 
The third part of the study was to identify the furnace 
efficiency and put all of the building components 
together in a final thermal circuit model of the Lo-Cal 
House. The average furnace efficiency as determined by 
the model was found to be 0.53. This is quite close to the 
average furnace efficiency of 0.57 found by the detailed 
testing method described in Appendix C. The use of an 
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average furnace efficiency is a very simplified method 
of modeling the heat input from the furnace. Actually, 
the furnace and duct system have a time-dependent 
relationship due to the heat-up and cool-down periods 
which always take place in a residential heating system. 
A more accurate model of the heating system was left 
for future research since the object of this study was the 
development of a simple thermal circuit model for the 
house. 
Conclusions 
One of the objectives of this study was to see if a simple, 
but useful, thermal circuit model could be developed 
from experimental data for a residential, heavily-insu-
lated building. By using the monitored data from one 
winter, an attempt was made to modify and fine-tune 
the model to create a better fit to the actual response of 
the building. In this way, a few of the major thermal 
parameters could be identified and areas for improve-
ment of the design could be found. 
The model was eventually created using a combina-
tion of theoretical and experimental techniques. Many 
of the important building parameters could not be ac-
curately estimated using the monitored data alone. 
These parameters included the bypass resistance, inte-
rior thermal capacitance, and exterior envelope thermal 
capacitance. However, the total envelope resistance, 
solar gain and furnace efficiency were easily estimated 
with the model and the experimental data. 
The slow response of the building, due to the high 
envelope resistance, is one of the reasons why it was not 
possible to determine all of the parameters experimen-
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tally. The configuration of the thermal circuit model for 
the exterior envelope was not very identifiable since the 
various heat flow paths through the envelope could not 
be separated accurately with the available data. 
A simple thermal circuit model, such as the model 
created in this study, is a useful tool for estimating total 
envelope resistance, total solar input, and average fur-
nace efficiency for buildings similar to the Lo-Cal 
House. However, there is a limit to its usefulness. In 
order to separate the many heat flow paths of a build-
ing, a series of controlled experiments focusing on the 
individual parameters would be more helpful. 
The use of the thermal circuit model helped identify 
a few topics of future research. The reasons for the large 
discrepancies between the actual and theoretical solar 
input should be identified. They may indicate a need for 
changes in design or analysis for a building of this type. 
Also, the model of the furnace efficiency should be 
refined to include time-dependent response, an impor-
tant factor in the analysis of residential heating systems. 
Further Information 
This appendix presents a summary of the thermal 
modeling of the Lo-Cal House. For those interested in 
the specifics of the modeling process, they are contained 
in a Thesis submitted for the degree of Master of Science 
in Mechanical Engineering, entitled Thennal Circuit 
Modeling of the Lo-Cal House, by Thomas R. Squillo. A 
machine copy of the 84-page thesis is available from the 
Small Homes Council-Building Research Council for 
$20.00. 
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Appendix 1: Reflections on Living in a Super-Insulated 
Passive Solar House for 9 Years 
Comments by Michael T. McCulley, architect, owner, and 
resident of the research house. 
General Impressions 
The house has been very comfortable to live in and very 
economical from the energy standpoint, both in the 
summer and in the winter. We have begun to take the 
low energy bills for granted and must periodically com-
pare them to others' bills for conventional houses to ap-
preciate having bills half to a third those of other people 
in similarly sized houses. We do not operate the house 
in any strange or unusual manner. We heat and cool the 
house as comfort conditions require. 
Positive Features 
The house is noticeably quiet when it is closed up, as a 
result of the heavy insulation and the triple-pane win-
dows. 
All of the interior surfaces are a lot warmer in the 
winter and a little cooler in the summer than in a con-
ventionally-insulated house. This feeling of added com-
fort has been verified by the instrumentation. The house 
is much more comfortable at a lower temperature set-
ting in the winter. In the summer, the lower tempera-
tures of the interior surfaces require less space 
conditioning. 
In the summer, we run a whole-house fan in the even-
ings to cool down the house for the night. We can close 
the house in the morning and it will stay cool until the 
late afternoon on most summer days. We only use the 
air conditioning during the most humid periods of the 
summer. 
Problems 
Fabrics, rugs, and upholstery material fades and cracks 
when continuously exposed to direct sunlight in the 
passive solar mode. We do not get the full potential 
solar benefits during the heating months because we 
have chosen to compromise and use thin-slat horizon-
tal venetian blinds to reduce the harmful effects of the 
sun on the interior surfaces and furniture. 
During the heating season, the house is often uncom-
fortably hot and stuffy when we get home. We must 
make a decision on whether to put up with it until it 
cools down to 70 degrees later in the evening or open 
the windows and at least get it down to 80. 
The orientation of the windows (the bulk of the win-
dows face south, there are few north windows, and no 
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east and west windows) creates a lack of balanced win-
dow openings for natural ventilation. Because of the 
deficiency of operable windows for natural ventilation, 
we could not utilize the night cooling technique suc-
cessfully without the whole-house fan. 
EVALUATING THE FEATURES OF THE LO-CAL 
HOUSE 
Orientation 
The passive solar orientation, with no east and west 
windows, begins to be taken for granted after a while. 
The lack of east and west windows can adversely im-
pact the ventilation of the house during the summer 
months when you want natural air movement through 
the structure. This can be rectified with the use of a 
whole-house fan. The non-energy impact of the orien-
tation is that you end up with two side yards with no 
windows facing out. This can be put to advantage if you 
wish to use these yards as screened storage areas. 
Ceiling 
The performance of the ceiling cellulose insulation has 
been the greatest disappointment in the thermal perfor-
mance of the house. The insulation has severely settled, 
and~ even where it was reblown, it has only performed 
at about 50% of its claimed value. In one area, the in-
sulation problem could have been aggravated by snow 
blowing in, but the two areas tested should not have 
been bothered by this problem. The insulation in the 
other test house (installed by a different contractor) also 
has not performed as well as expected, but it was better 
than the first house since it was obviously installed at a 
much greater density. Some of the problem can probab-
ly be attributed to the quality of the insulation and the 
workmanship of the installers who appear to have in-
tentionally over-aerated the insulation. 
Attic 
The configuration of the roof venting system with ver-
tical louvered vents in the clerestories facing north has 
created some problems with snow blowing into the attic 
space during severe winter storms. I would use ridge 
vents if the house was to be built again. The lack of attic 
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storage in the trussed, heavily-insulated house is a 
problem as attic space is a prime dry, ~ermin-fr~e 
storage space for clothing and paper articles. I dtd 
design a house in which I used a 16" deep parallel-chord 
truss for the attic floor and could get in 14" of insulation 
with 2" of ventilation space and still have a full attic for 
storage. This worked well but was more expensive. 
More attention must be given to the installation of the 
ceiling insulation and probably less to the walls. 
Moisture-Vapor Barriers 
The house has moisture/ air barriers on all external sur-
faces. This protects the insulation and building struc-
turefrommoisturecondensationand freezing. We have 
not had any appreciable condensation on any interior 
surfaces. We operate the bathroom vents and vent the 
clothes dryer to the exterior. Some new super-insulated 
homes have a short period of increased condensation 
during the first winter of use. This is a result of such fac-
tors as basement slabs that have not completely dried 
out, and other components of the house having an ini-
tial high moisture content. This temporary phenomena 
can normally be rectified with the use of a dehumidifier. 
A dehumidifier actually saves energy during the winter 
because the electricity used to operate it is returned to 
the house as heat, and the heat that was required to 
evaporate the water is recovered as well. In the cooling 
season, the vapor barrier will help the cooling system 
by keeping the exterior humidity out of the conditioned 
space. The air I vapor barriers are a very important ele-
ment of the house. There have been some very ques-
tionable arguments against the use of the vapor barriers. 
They should be used on the warm side of all exterior 
surfaces. 
Windows 
The triple-pane windows have performed thermally as 
predicted and have held up well. The removable e~­
terior storm panels are difficult to clean, and some readi-
ly fog in the winter for periods of time after showers, 
dish washing, etc. 
Clerestories 
The clerestories originally had a leaking problem re-
lated to the workmanship during installation. They 
were modified, and they do not leak at present. Running 
the light well up through the joists seemed like a good 
idea. It was not entirely successful. The joists expand 
and shrink with changes in humidity and crack the 
drywall, and the carpenters had a hard time under-
standing that the walls of the light wells had to be insu-
lated like the rest of the building. I have installed clear 
plastic over the bottom of the tubes, which improved 
the thermal performance. Visually, they are nice, but I 
would build them differently next time, if at all. 
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Solar Control 
Thin-slat venetian blinds are used in all of the south 
windows, set to admit some direct sunlight and to 
reflect part of the solar gain to the ceiling and deeper 
into the space. This reduces the solar gain but saves the 
furnishings. High-performance glass would help. 
Mass 
The next house I build will have more thermal mass in 
the interior walls. Experience and thermal modeling 
have indicated that even with the relatively small 
amount of south glazing, a little more mass in the walls 
would help. Massive floors sound like a good idea, but 
eventually floors get covered with rugs and furniture. 
A moderate amount of additional mass would help both 
the heating and cooling performance of the house. 
External Walls 
The double staggered-stud walls have performed as 
predicted and make the house nice and quiet. However, 
a cost analysis indicates that more resources sh~uld 
have been put into the ceiling insulation and less Into 
the walls. A wall with an R-value in the mid-20's would 
have been adequate. 
Crawl Space 
Heat losses to the crawl space in the winter were much 
higher than predicted. Much of this loss was radiant 
transfer to the ground, which was a better receptive and 
conductive surface than expected. 
Heating System 
The furnace was grossly oversized and tests indicated 
that it was very inefficient. It should be half the size so 
that it. would not spend so much time in the transient 
state where the efficiency is less than 40%. This would 
increase the percentage of solar contribution also. 
Ductwork 
The ductwork initially leaked air very badly and had 
large radiant losses. The air leakage into the crawl space 
doubled the infiltration rate of the house when the sys-
tem was on. Sealing the duct connections and insulat-
ing the ductwork had a significant beneficial impact on 
infiltration and heat loss. 
Cooling System 
The cooling system was also oversized but not to the ex-
tent of the heating system because heavy insulation has 
little effect on humidity control or internal loads. 
External Combustion Air Supply 
This was an idea that turned out well. The detailing 
must be done carefully, however, to avoid safety and 
performance problems. 
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Ventilation and Air Quality 
The house was tested with three different systems to 
find the infiltration and the natural air change rate. The 
tests generally agreed and showed an air change rate of 
about 0.2 to 0.3 air changes per hour, depending on 
wind and HV AC operating mode. This is a relatively 
low rate, indicating a "tight" house. The house has no 
air-to-air heat exchanger. The bathrooms are vented 
and the fans are operated when the room is in use. We 
have had no problems with water vapor or interior 
odors. The only odor problem was from automobile and 
other odors in the garage. This is forced into the utility 
room as a result of the garage facing the winter prevail-
ing winds. The house has never been tested for radon. 
CONFIGURATION OF HOUSE-ROOM LAYOUT 
Living Room 
Basically works well. The only complaint is that with 
the house configuration, you must walk through the 
living-dining room to get to the back yard. 
Family Room 
The open space plan works well functionally. The only 
problems that come to mind concerning the great-room 
approach are the reduced wall space on which to ar-
range furniture and hang pictures. 
Entryway 
Larger than necessary, because the major benefit of the 
air lock is not the ability to shuttle people in and out 
(this is not a restaurant or a business). The major benefit 
is having two weatherstripped doors to the north. A 
door to the east or to the south would be better. 
Bedrooms 
These rooms do not really need to be oriented south as 
they do not require direct gain in the mid-day for com-
fort, and they can function well as cool rooms. 
Utility Room 
Serves well as a weather buffer and air lock between 
garage and house. The utility room also has worked 
well as the location of the whole-house fan. 
Bathrooms 
The bathrooms are windowless, with separately 
switched power vents. We have not experienced mois-
ture problems resulting from bathing. Power vents are 
employed when the shower is used. 
Hall 
My wife does not like the the fact that you can look 
directly down the hallway into the master bedroom if 
the hall and bedroom doors are open. 
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Crawl Space 
The high water table in the area eliminated the alterna-
tive of a dry basement, so the house was built with a 
crawl space. Tests have resulted in the reversal of ear-
lier assumptions that floor and duct insulation is not 
necessary. The energy losses from the crawl space were 
significant in the test houses. Sealing and insulation of 
the duct work in the crawl space had a major beneficial 
impact on the performance of the homes. 
Storage 
The absence of a basement and the configuration of the 
attic reduces available storage space so that even with 
a lot of closets the storage space in the house is inade-
quate. We plan to add to the house in order to provide 
additional storage space and a work area. 
Garage Location and Orientation 
A north-facing garage door is just not a good idea. Even 
with a good quality insulated and weatherstripped 
garage door, the garage develops an appreciable posi-
tive pressure in the winter from the north wind and 
makes the door between the garage and the house im-
possible to adequately seal. 
Greenhouse 
We love the greenhouse space as an exterior-oriented, 
bright, sunny living space on sunny winter days and as 
a screened in porch in the summer. We enjoy it as a very 
pleasant living space, not as an energy producer. 
The greenhouse does not appear to greatly affect 
energy requirements of the house, either positively or 
negatively. This has been verified by both computer 
simulations and site testing. 
In the winter, the greenhouse grossly overheats on 
sunny days, then very rapidly overcools within a few 
hours after the sun sets. In the summer, the greenhouse 
overheats in spite of internal white shades and a power 
ventilation fan. Better external shading is needed. 
The greenhouse roof leaks in spite of triple flashing 
and a great effort at careful detailing and installation. 
The leaks did not occur for the first four years of green-
house operation. The leaks are probably a result of the 
extreme and rapid temperature variations experienced 
by the structure. As the sun sets in the winter, it pops 
and creaks as the temperature falls from the high 
eighties to the twenties (a 60-degree drop) in a few 
hours. 
CONCLUSIONS 
Insulation 
Properly planned and installed insulation is one of the 
most efficient, economical, and practical methods to 
save energy in residential construction. 
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Passive Solar 
Passive solar orientation of a residence saves energy be-
cause south windows lose less energy that north, east, 
or west windows. All windows are net energy users not 
gainers, even south windows. South windows, because 
of beneficial solar gain during some winter days, lose 
less energy than windows of other orientations. South 
window heat gain in the summer conditioning months 
can be controlled more readily than that from east and 
west windows. Those windows that are determined to 
be advantageous for view, ventilation, and general 
well-being of the residents should be oriented to the 
south, when possible. Once the required windows have 
been oriented south, the building owner will not ex-
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perience a reduction in energy use as a result of increas-
ing the area of south glass. The optimum area of south 
glass appears to be between 8 and 12% of the total floor 
area of the house. 
Heating System 
The testing of the house has strongly emphasized that 
the performance of the heating system has a major im-
pact on the overall energy performance of a home. 
Greenhouses and Sunspaces 
Solar greenhouses or suns paces are very pleasant asset 
to a home, but, like south windows, do not result in net 
energy gains. 
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Small Homes Council-Building Research Council 
The Small Homes Council-Building Research Council 
was established by the University of Illinois as an agen-
cy for research, publication, education, and public ser-
vice in the area of housing and building. Its program is 
keyed to take advantage of the many University resour-
ces-its laboratories and specialists-in many subjects 
related to housing and building. 
The Council conducts research independently or 
jointly with other departments, primarily under the 
sponsorship of governmental agencies, trade associa-
tions, and individual companies. Such projects are sup-
plemented by those funded by the University and from 
the sale of publications. These projects have been 
primarily in the areas of construction and design. 
Many of the Council's studies have been in the areas 
of simplifying construction methods and adapting 
large-scale building techniques to the needs of the small 
builder. Of particular importance has been the work in 
roof-truss and floor-truss construction, and the wall-
panel framing system. One of the major research con-
cerns has been with how much space families need in 
their homes and how it should be arranged. Special at-
tention has been given to the design of kitchens, and to 
energy conservation and solar utilization. 
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Unless research findings reach the hands of people 
who can use them, research is of little value. For this 
reason, publications are an important part of the 
Council's program. A complete listing of Council pub-
lications is available upon request to the Council at One 
East Saint Mary's Road, Champaign, IL 61820, or by 
calling (800) 336-0616. This activity is a non-profit but 
self-supporting one, which is necessary because a major 
proportion of the publications is distributed out of state. 
In addition, the Council extends its information ser-
vices to homeowners and industry by conducting a 
limited housing advisory service. Specific questions 
relating to planning and construction, not covered in 
SHC-BRC publications, are answered by staff members 
within the limitations of the demands of education and 
research on their time. These inquiries preferably 
should be made by mail. The Council does not draw or 
review house plans for individuals. Telephone inquiries 
should be restricted to morning hours, Monday through 
Thursday, except in emergencies, to (217) 333-1801. Per-
sonal visits may be made to the Council offices at One 
East Saint Mary's Road, Champaign, Illinois. Appoint-
ments are preferred. 
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